'•'.C  *:.i  'i-  ‘  *_ 


STABILin  OF  CmFI£X  COHFOUNTS  AND  EXCHANGE  REACTIGSS^ 


A.  A.  Grinberg  and  L.  £.  HiboalcaTa  ;  ' 

In  examining  the  experimental  data  on  exchange  ve  vill  start  off  by  dealing 
briefly  with  the  question  of  the  stability  of  complex  compounds,  devoting 
our  attention  to  the  acldocomplexes  which  are  of  interest  to  us  in  this  present  ‘ 
work. 

Comparison  of  numerous  pieces  of  prei>aratiTe  work,  involving  mutual  dis¬ 
placements  of  coordinated  ions,  has  led  to  the  conclusion  that  the  different  . 
anions  may  be  arranged  in  series  of  increasing  tendencies  to  ccmiplex  forma¬ 
tion  with  a  given  complex-forming  substance. 

Platinum  for  instance  gives  the' following  seriess  »'*• 

,  SCH“,  HOi>Br*>Cl*>S<^,  H(S. 

This  agrees  approximately  with  the  experimentally  established  order  for 
increase  of  the  trans-influence. 

The  basis  for  the  comparison  of  the  order  of  Increasing  tendency  to  edd- 
plex  formation  is  the  study  of  equilibria  of  the  typet  .  . 


[Hex*]' 


[MeT*]' 


The  same  order  was  obtained  by  one  of  us  in  collaboration  with  Ryabchlkor 
[2]  in  the  study  of  the  equilibria  of  processes  of  the  type: 
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+  20H  . 


In  ttls  case  each  of  the  anions  studied  can  be  characterized  by  a  definite 
value  of  the  equilibrium  constant: 


Lr53  X  J 

pH  HH^ 

IhHs  OhJ 


[OH'l- 


Thus,  with  X=  Cl,  KSlCf^®-, 
_  with  X=  Br,  K=2.8-10"®-, 

See  next  page  for  footnote. 


with  X  «6CH,  K  *=2.8«10’'^j 
with  X  =  1,  K  «=5-10*‘^.* 
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Vhat  ha.8  been  said  relates  to  the  characteristic  "tendency  to  complex 
formation**  in  aqueous  solutions*. 

On  the  other  hand  a  corresponding  series  of  anions  may  he  obtained  by 
conq>arlng  the  equlilbrlua  vapor  pressures  in  the  thermal  dissociation  of  ^etram- 
xoines  .according  to  the  scheme: 


[Pt(RH3)4]X2 
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According  to  the  data  available  to  us  at  the  moment,  the  orders  of  anions 
according  to  Increasing  complex  forming  tendencies  with  platinum,  bbtained'  by  * 
.the .methods  indicated,  colhclde  (at  aziy  rate  this  has  beeh  established  for  the; 
.halide  anions)  •'  *  .  .  ' 

An  analogous  succession  of  anions  has  been  found  by  a  number  of  authors 
(4)  and  in  the  study  of  the  molar  electrical  conductivity  of  aqueous  solutions 
of  compounds  [PtAsXs]  vhere  A  =  a  molecule  of  ammonia  or  amine,  and  Z  *  an  acid 
radical.  In  the  case  given,  chloride  vas  found  to  show  a  much  greater  increase 
of  electrical  conductivity  vith  time  and  a  larger  equilibrium  value  of  U,  than 
bromide,  iodide,  or  nitrite.  ;  ,  .  , 

,  In  this  case  the  kinetic  data  .on  the  rate  of  hydrolysis  by  vater  was  found 
to  be  in  agreement  with  the  arrangement  of  anions,  to  the  limits  of  the  equili* 
brium  attainable. 

In  speaking  of  the  magnitude  of  the  complex  forming  tendency,  we  have  in 
mind  the  magnitude  which  characterizes  the  direction  and  degree  of  attainment 
of  substitution  processes,  consequently,  Eoagnltudes  which  are  thermodynamic  in 
nature.  .  .•  •••.•.  ' 

-  In  solutions,  this  magnitude  may  be  more  strictly  characterized  by  measur¬ 
ing  instability  constants. 

To  our  regret  the  instability  constants  are  known  only  for  a  limited  number 
of  complex  compounds,  obtained'  for  extremely  different  complex  forming  substances. 
The  values  are  known  best  of  all  for  mercury  complexes  with  the  anions  CN  ,  l”, 
Br"  and  Cl*. 

-  Meanwhile,  as  one  of  us  has  emphasized  (5]  the  order  of  anions  according 
to  tendency  to  complex  formation  with  the  ion  Hg^'*’  agrees  with  the  same  order 
for  platinum  and  palladium  (and  possibly  also  for  gold). 

The  data  given  in  Latimer's  book  permits,  without  any  pretence  to  great 
accuracy,  the  evaluation  of  such  instability  constants  for  the  anions  (PtCl4)^* 

'  and  (PtBr^)^’.  Knowing  the  value  of  the  instability  constants  permits  one  to  go 
a  bit  further  in  the  analysis  of  the  relationships. 

Until  recently  the  magnitude  of  the  complex  forming  tendency  was  compared 
only  with  the  properties  of  metal  complex  forming  substances  and  anionic  addends. 
In  particular  it  agrees  with  the  magnitude  of  the  ionization  potentials  of 
metals,  with  the  electron  affinities  or  the  polarizability  of  the  addends,  with 
the  reducing  properties  of  the  latter,  l.e.  in  the  final  analysis,  with  the 
factors  determining  the  character  and  stability  of  the  metal-addend  bonds. 

^)  Report  presented  to  the  session  of  the  USSR  Academy  of  Sciences, 

January  6,  1949#  a  brief  reference  to  which  has  already  been  published  else¬ 
where  [1]. 
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Kazarnovsky  [7]  cnphaslzed  the  need  to  take  account  of  the  interaction 
of  the  component  part  of  the  complex  vlth  the  solvent,  l.e»  of  the  energy  of 
hydration.  Prom  his  point  of  view,  e.g.,  the  high  stability  of  the  complex 
platinum  Iodides  In  solution  compared  with  that  of  the  chlorides  Is  to  be 
explained  by  the  fact  that  the  energy  of  hydravlon  of  Iodide  Ions  Is  less 
than  the  energy  of  hydration  of  the  chloride  Ions. 

We  attempted  to  examine  the  degree  of  applicability  of  such  an  approxi¬ 
mation  by  a  method  described  later  on. 

Using  the  known  formula:  Ap=-RT  In  K,  we  calculated  the  valae“or  the 
change  jof.fr ee  energy  for  th^  mercury  complex  lHgX4]^”,  for  which  the  Insta¬ 
bility  .constants  are  known.  For  the  calculatlcn  the  following  values  of  the 
constants  were  employed:  .  •  ,  .  ..... 


iHgciTl , 


(HeBrn 


2.3*10*“; 


lHgl|*l 


5.3*10*®^; 


lHg(CH)ri 


By  calculation  from  the  formula  «  “1.56  log  K  the  following  values 
ofAP  were  obtained  (ih  cal):  •  .  -  .  - 


For  chloride  systems  22.1; 
for  bromide  systems  29.5; 


for  Iodide  systems  *^1.3; 
for  cyanide  systems  5^*®* 


The  data  for  change  of  free  energy  given  relates  to  the  formation  of  .  .  ., 

hydrated  complex  Ions  from  hydrated  metal  Ion  and  hydrated  anions.  According 
to  Latimer  the  Instability  constants  of  the  anions  [PtCl^]*  and  [PtBr4]  may 
be  evaluated.  They  come' out  at  l6'^®  and  10”^®.  This  gives  a  value  of AF 
equal  to  21.8  cal  for  (PtCl4]2”  and  2h.5  cal  for  lPtBr4p“.  “  /  .  ' 

-  Let  us  divide'  the  process  of  formation  of  hydrated  complex  Ions  from  the 
hydrated  components  Into  the  following  stages:  '  -* 

1)  dehydration  of  the  metal  Ion,  absorbing  an  energy  per  mol; 

2)  dehydration  of  4  Ions  absorbing  the  energy  of  hydration  multiplied 

by  4  (4Hx);  .  L' 

3)  formation  of  the  dehydrated  complex  Icn  lHgX4l^  from  the  dehydrated 
.  components.  In  which  the  energy  A  is  liberated; 

4)  hydration  of  the  complex  Ion  vlth  liberation  of  the  energy  H  (complex). 

All  magnitudes  are  related  to  the  process  of  the  Interaction  of  1  mol  of 
hydrated  Ion  of  metal  vlth  4  mols  of  "  *. 

Starting  from  thls^lt  may  be  assumed  that  • 

^  -  AF  =  “  “  4Hjj  +  a  +  H^omplex  * 

For  each  separate  case  there  are  many  unlmovns  In  this  expression,  and  they 

can  only  be  evaluated  extremely  approximately.  However,  if  we  take  the  difference 
for  two  systems  then  the  term  disappears^  and  the  H  (complex)  terms  nay  be 

taken  as  equal  (a  very  rough  approximation)  or  they  may  be  evaluated  on  the  basis  ^ 

of  further  data..  •^.  .  . 

Taking  as  an  example  iodide  and  chloride  systems  and  neglecting,  initially, 
differences  In  energy  of  hydration  of  the  complex  Ions,  we  obtain: 
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APj-APci 


-  ♦  Aj  -  ^1, 


Assuming  a  numerical  value  for  the  difference  of  the  free  energy  of  the 
vhole  process  and  also  for  the  tree  energy  of  hydration  of  the  Iodine  and 
rchlorlde  ions,  ve  have  ^ 

.  19-2*  (-70)•^^  ♦  (8U.2)•^^  ♦  Aj  -  Aci, 

“•  V  19.2 -- 280  ♦  336.8  ♦  Aj  -  Aci, 

.  t  \  -19.2  »  56.8  ♦  ^  7  Ac^;  vlience  .  .  -  -  .  ' 

V..  ■  •  Aci  *  Aj  ♦  37-6  cal» 

t.  V**  '  •  •  '  -  ■  ‘  . 

Thus,,  hy  making  these  assumptions  ve  come  to  the  conclusion  that  change 
of  the  free  energy  In  the  formation  of  a  mol  of  from  the  unhydrated 

ion  Hg^  and  the  unhydrated  chloride  ion  is  37*8  cal  larger  than  the  corres¬ 
ponding  magnitude  for  a  mole  of  (Egl4l^”-  Taking  inta  account  the  character 
of  the  assumptions  made,  the  Important  thing  here  of  course  is  not  the  abso¬ 
lute  value  of  the  difference  hut  its  sign.  The  conclusion  dravn  by  us  vould 
not  be  changed  qualitatively  if  ve  vere  to  take  into  account  the  undoubted 
actual  inequality  of  the  energy  of  hydration  of  the  complex  ions  [HgCl4]** 

€md  lHgl4]***.  ■  It  may  he  assumed  to  a  high  degree  of  probability  that  the 
ener^  of  hydration  *of  the  ions  [Hgl*]^”  characterized  by  a  large  radius  and 
Including  components  having  a  smaller  tendency  to  hydration  in  the  fl‘ee' state, 

Vi  11  be  less  than  the  energy  of  hydration  of  (HgCl4l^  • 

'  To  evaluate  this  difference  in  energy  of  hydration,  ve  may  use  Folt's 
equation,  put  forward  for  the  calculation  of  heat  of  hydration  of  ions.  For 
anions  this  equation  has  the  form; 

:  '  ;  ^  *  r  +  0.4 

vhere  L  is  the  heat  of  hydration  of  the  ion,  Z  is  its  charge  and  r  is  its  radius.  • 

Calculating  thus  the  difference  of  heat  of  hydration  of  the  Ions  vhlch 
interest  us  gives  a  value  of  20  cal  (per  mol).  If  ve  assume  that  the  difference 
of  free  energy  only  differs  slightly  from  the  difference  in  heat  of  hydration, 
then  It  can  be  concluded  that  the  difference  of  free  energy  of  hydration  of 
free  chloride  and  Iodide  ions  will  compensate  by  approxiinately  20  cal  the  differ¬ 
ence  of  the  corresponding  magnitudes  for  the  complex  ions.. 

From  this  extremely  preliminary  calculation  ve  find  that  A^l  ”  AxSl7  I8  cal. 

Thus  ve  see  that  the  direction  of  the  reaction  in  the  system  (H^l4]^”  +  41*5^ 

(Hgl4]^“  +  4C1*  is  not  In  contradiction  vlth  Kazarnovsky's  suggestion  that  the 
^cisive  factor  determining  the  stability  of  the  complex  ion  in  aqueous  solutions 
Is  the  energy  of  hydration  of  the  addend. 

However,  In  the  general  case  such  a  proposition  is  incorrect.  This  is  seen 
quite  clearly  by  a  comparison  of  data  for  the  heats  of  hydration  of  different 
ions,  as  in  analysis  of  the  system  [Hg(CN)4)^”. 

Comparison  for  the  data  for  heat  of  hydration  can  be  made  on  the  basis  of 
the  papers  of  Yatsimlrsky  [9]  and  Mishchenko  (10];  thus,  e.g.  according  to  the 
first  author  the  heat  of  hydration  of  the  RQi  ion  Is  100  cal  while  it  is  84  for  Cl*. 
The  heat  of  hydration  of  KO3  according  to  Yatsimlrsky  is  75  cal  and  according  to 
Mishchenko  it  is  72  cal.  On  the  basis  of  these  figures  it  vould  api>ear  that  the 
tendency  of  the  KOi  ions  to  complex  formation  vould  be  less  than  that  of  the  Cl” 
ion,  and  the  complex  forming  tendency  of  the  latter  would  be  less  thsm  that  of 


1018 


the  ions.  Such  a  conclusion  would  be  In  complete  contradiction  of -experi* 
Dent.  It  is  impossible  to  make  it  if  the  composition  of  the  cycle  examined 
shore  is  borne  in  mind.  On  the  other  hand  the  average  value  of  the  heat  of 
hydration  calculated  by  Tatslmlrsky’for  CN*  is  85  cal.  This  heat  of  hydration 
of  the  cyanide  ion  is  practically  equal  to  the  heat  of  hydration  of  the  chloride  ‘ 
ion.  Knowing  this  we  may,  by  comparison  with  the  change  of  free  energy  for 
cyanide  and  chloride  systems  of  the  [HgX4]**  type,  draw  the  conclusion  that  the 
great  stability  of  the  cyanide  system  by  comparison  with  the  chloride  one  is 
conditioned  by  the  greater  stability  of  the  Eg-CN  bond  by  comparison  with  the  • 
Eg-Cl  bond  or,  (which  is  less  probable),  by  a  sharp  rise  in  the  energy  of 
hydration  of  the  ion  [Hg(CN)4)^“  over  that  of  the  ion  [HgCl4]*”. 

Resuming,  it  may  be  said  that  the  energy  of  hydration  is  only  one  of  the  - 
factors  influencing  the  stability  of  complex  compounds  in  solution,  so  that 
with  a  given  central  atom  it  is  necessary  to  take  into  account  both  the  energy 
of  hydration  of  the  addend  as  well  as  the  energy  of  hydration  of  the  complex 
ions. 

A  decisive  influence  on  the  di^&ction  of  the  process  of  substitution  of 
addends  towards  the  formation  of  a  more  stable  system  can  be  exerted  by  the 
energy  of  hydration  of  the  addend  only  in  those  cases,  where  the  difference  of 
the  relevant  magnitude  for  the  initial  and  final  addend  is  large  end  only  to  a 
small  degree  compensated  by.  the  difference  of  energy  of  hydration  of  the  initial 
and  final  complex  ions. 

As  we  saw  in  such  cases  the  quantity  determining  the  stability  of  the  system 
is  the  chang?  of  free  energy  in  the  formation  of  the  complex  ion  froa  the  dehy¬ 
drated  ^central  ion  and  the  unhydrated  ions.  It  should  be  noted  that  this  change 
includes  a  portion  connected  with  the  approximation  of  the  Me-X  bond  to  the  co¬ 
valent  type.  . •  . 

In  the  case  given  the  central  ion  and  the  coordinated  anion  are  to  be 
thought  of  initially  as  typically  gaseous  ions.  As  one  ion  approaches  the  other 
oxidative -reductive  interaction  occurs  which  approximates  the  system  to  a  co¬ 
valent  bond.  There  is  no  doubt  that  the  diminution  of  the  electron  affinity  of 
the  anion,  other  conditions  being  the  same.  Increases  the  degree  of  "covalent- 
ness”  of  the  bond.  Therefore,  for  example,  the  bond  Hg-I  or  Pt-I  is  more  co¬ 
valent  than  the  Eg-Cl  or  the  Pt-Cl  one.  But  the  bond  Me-X,  generally  speaking, 
may ‘be  broken  by  two  methods: 

Me  -  X  ^  Me®  +  X®  and  Me  -  X  ^  Me*  ♦  X*. 

Increasing  the  degree  of  covalentness  of  the  bond  favors  the  breakdown 
to  the  first  type  and  lowers  the  probability  of  breakdown  to  the  second.  In 
complete  agreement  with  this,  as  earlier  published  by  one  of  us,  [11],  (PtClo)*” 
breaks  down  more  readily  to  [Ptl4]^“  and  I2  than  [PtClel^  to  (PtCl4)^  end  CI2. 
However,  an  Inverted  relationship  nay  attach  to  the  concept  of  ease  of  breakdown 
to  ions.  It  cannot  be  doubted  that  the  degree  of  covalentness  of  the  bond  Me* 
addend  is  considerable  and  that  the'  complex  ion  has  a  definite  stability  in  '  • 
solution.  ■*  ' 

It  is  likewise  quite  evident  that  calculation  of  this  factor  is  completely 
tied  up  with  the  general  thermodynamic  treatment  of  the  question. 

The  calculations  set  forth  and  the  discussions  relate  mainly  to  mercury 
complexes.  However,  the  facts  of  the  agreement  of  the  order  of  stability  and 
the  order  of  taagnltude  of  the  Instability  constants  makes  it  highly  probable  • 
that  the  same  characteristic  relationship  holds  for  platinum  as  well. 
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.  Before  ve  conclude  this  section  ve  should  like  to  dwell  hriefly  on  a  couple 
of  ^Ints.  .  , 

First,  ve  should  like  to  underline  the  need  for  systematic  study  of  the 
stepwise  dissociation  of  complex  compounds.  In  this  direction  there  is  a  vei^ 
Interesting  Investigation  by  Babko  [12],  applicable  to  some  acldocomplexes,  and 
of  BJerrum  [13],  applicable  to  amine  and  ammlne  complexes,  but  both  urgently  ’ 
requiring  further  Investigation.  ... 

On  the  basis  of  the  data  at  our  disposal  It  can  be  said  that  In  the  majority  ^ 
of  known  cases  the  stepwise  dissociation  of  complex  ions  follows  -the  same  rule  as 
that  of  monobasic  acids.  In  particular  usually  the  fission  of  each  successive 
Ion  X-  from  Ions  of  the  type  [MeX4]^  Is  more  difficult  than  the  fission  of  the 
first.  There  are  Individual  deviations  from  this  rule.  The  question  urgently 
requires  further  study. 

The  relationships  are  very  interesting  in  the  case  of  the  Ion  [HgCl4]^.  As 
mentioned  above  constants  are  known  for  this  ion  corresponding  to  the  process 

[HgCL*]^ - ►  EgClz  +  2C1-,  and  likewise  ’Vaverall*'  constants.  If  ve  designate  the  . 

constauits  corresponding  to  the  separate  dissociation  stages  by  Kx^  Ka,  Ks,  K4,  then 
the  overall  constants  K»Ki*X2*K3*K4. 

The  constants  corresponding  to  the  process^  [HgCl4]2-  HgCla  +  2cr,  K»  *  Ki. 
K2  *  while  K  =  Ki*  Kz ‘Ka*  K4  *  6.1<r^‘^.  ,  • 

r^In  the  same  way  K3  •  K4  *  6.10“^®,  i.e.  there  Is  a  very  sharp  difference  In  the 
ease“^f  separation  of  the  last  two  anions  by  comparison  with  the  first  two.  At 
first  sight  this  might  be  explained  as  a  difference  In  behavior  of  anions,  found 
by  main  and  subsidleiry  valencies.  -  . 

However,  according  to  BJerrum  *s  data,  completely  analogous  differences  of 
the  first  and  second  pairs  of  successive  constants  are  observed  in  cases  of 
tetr ammlne  ions.  In  which  all  addends  are  bound  by  subsidiary  valencies.  The 
•'overall**  constant  K  for  [Hg(NH3)4]^ls  equal  to  5*2*  10"^®;  Ki  » 

«  1.5*10-^J  Ka  =  2-l(r®;  K4  *  1.6-10”®* 

Similar  phenomena  which  occur  with  monobasic  acids  (for  example  with 
pyrophosphorlc  acid)  are  probably  connected  with  some  peculiarity  of  the  structures 
of  the  corresponding  compounds. 

In  the  case  of  mercury  compounds  it  may  be  supposed  that  such  sharp 
differences  in  the  K4,  K3,  Ka  and  Ki  values  are  connected  with  a  transition  from  a 
linear  structure  of  the  ion  with  two  addends  to  a  tetrahedral  structure  of  the 
anions  with  four  addends.  The  final  solution  of  such  questions  requires  further 
Investigation. 

naturally,  the  difference  of  constants  of  the  stepwise  dissociation  by  them¬ 
selves  cannot  In  any  way  serve  as  indexes  of  fimctional  inequalities  of  groups  In 
undlssoclated  compounds.  An  Interesting  fact  which  is  in  agreement  with  this  view 
(about  non-equivalence)  Is  that  Wells  [lU]  in  his  book  “Structural  Inorganic 
Chemistry*'  makes  the  following  statement  about  crystals  of  K2HgCl4-H20:  'The 
atom  of  mercury  has  two  neighbouring  chlorine  atoms  which  are  considerably  nearer 
to  one  another  than  the  other  atoms . *  * 

From  the  literature  Interesting  data  may  be  extracted  relative  to  the 
dissociation  constants  for  the  processes:  [Hg(CN)4r“  ^  [Hg(CN)3]~  +  CN”  and 
[Zn(CN)4]—  ^  [Zn(CK)3]”  +  Cl?”,  which  are  respectively  equal  to  10"®  and  10"^’7, 
while  the  overall  constants  are  equal  to  4  lO"**®  and  ICT^®*®. 
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The  second  point  on  which  ve  wish  to  dwell  is  connected  with  the  question  of 
the  energetics  of  complexes  in  solutions.  .  ^ 

In  order  for  the  complex  or  weak  electrolyte  dissolved  in  water  to  remain 
undecomposed  (undissociated)  it  is  necessary  that  it  should  not  rearrange  during 
the  continuous  collisions  with  molecules  of  the  solvent.  In  other  words  this 
means  that  the  free  energy  of  formation  of  the  corresponding  forms  should 
considerably  exceed  the  average  kinetic  energy  of  the  molecule  at  the  given 
temperature,  l.e.  should  exceed  1^  RT.  . 

In  [1),  using  the  relationship  -AF  «RT  lnK»— 1.36  log  K,  we“came  to  ^the 
conclusion  that  there  should  be  upper  limit  for  the  dissociation  constant 
expressed  by  the  formula  K  *  ■  0.22). 

In  other  words  this  would  be  a  magnitude  of  the  degree  of  dissociation  of- 
the  electrolyte,  on  exceeding  which  during  the  process  of  dissociation  the  lav 
of  mass  action  would  become  inapplicable,  unless  corrected  for  interionic 
attractions.  .  *  *  .  . 

j.  '  ^  . 

It  is  possible  (t^is  needs  further  proof)  that  the  conception  of  a  ''heat” 
threshold  may  be  compared,  with  *' limits"  separating  the  fields  of  ’weak"  euid 
••strong"  electrolytes.'  This  delineation  naturally  is  not  absolutely  rigid  and 
is  Justified  to  the  extent  to  which  it  applies  for  the  conception  of  "strong" 
and  "weak*  electrolytes.  ‘ 

Let  us  turn  our  attention  to  data  about  exchange  reactions  of  addends  and 
complexes.  Investigations  in  this  direction,  using  tagged  atoms,  were  carried  out 
by  us,  starting  in  1939. 

In  that  year  it  was  shown  that  the  complex  bromides  of  dl-  and  tetravalent 
platinum  fairly  easily  exchange  co-ordinated  bromine  for  ionic  bromine  in  the 
ambient  solution  [I5I. 

This  f€ict,  interesting  in  itself,  was  utilized  by  us  as  index  of  the 
equivalence  of  bonds  in  the  [PtBrA]^  ion  and  of  the  equivalence  of  the^co- 
ordinate  bonds  in  the  ion  Analagous  data  for  the  ion  [Hgl4]^  were 

easily  obtained  by  Polesltski  (16].  The  occurence  of  rapid  exchange  was  recorded 
not  only  for  acldocomplexes  but  also  for  the  case  of  cis-[Pt(NH3)2Br2]  where 
the  factor  of  lablllzatlon  of  the  opposed  transactive  residue  is  excluded  (17l» 

‘Later  on,  by  using  tagged  platinum  atoms,  we*were  able  to  discover  oxidative 
reductive  exchange,  expressed  for  example  in  the  fact  that  the  ions  (PtX4)^  and 
(PtXe)^  ,  changed  their  role  in  solution,  and  likewise  (for  example  in  the  platinic 
as  in  the  Irldous  complexes;  the  absence  of  exchange  with  central  ions  character¬ 
istic  for  stable  complexes.  Together  with  this  it  was  also  observed  that  exchange 
with  central  ions  is  not  always  absent.  In  particular  such  exchange  was  found  for 
example  in  the  EystemsCuGl2  (G1  =  NH2CH2COO)  and  CUSO4,  using  labelled  atoms  of 
copper  (I8I,  In  connection  with  these  phenomena,  we  have  suggested  that  the  absence 
of  rapid  exchange  of  central  ions  of  complexes  with  the  corresponding  free  ions  in 
solution,  is  a  manifestation  of  the  need  to  maintain  a  definite  spatial  configuration 
in  solution.  The  presence  or  absence  of  such  exchange  may  serve  as  a  criterion  of 
the  expediency ■ of  looking  for  corresponding;  (geometric  or  optical)  isomers. 

Among  the  foreign  contributions  in  this  field  the  works  of  Kennedy,  Ruben 
and  Slborg  [I9]  should  be  mentioned.  They  demonstrated  the  absence  of  exchange  of 
ions  between  (Fe(CN)6l^*  and  (FeCCNJe)^"  likewise  between  Fe^  ions  and 
lFetCN)ol^“  Ruben,  Kamen  and  Frenkel  [20]  tried  in  vain  to  observe  exchange 
between  Mg^  and  chlorophyll,  and  likewise  between  Fe'^  and  hemoglobin. 
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*  Apart  f^om  this,  attempts  have  been  made  to  observe  exchange  between  Ions 
of  Co^  and  complex  cobalt lammlne  Ions  [21] .  These  experiments  likewise  did  not 
hav|  a  positive  outcome.  Calvin  and  his  collaborators  studied  the  exchange  between 
Cu^  ions  and  internally  complex  compounds  of  copper  [22].  This  investigation  was 
development  of  the  work  mentioned  above,  completed  in  our  laboratory,  although 
the  authors  do  not  mention  the  fact.  Ettle  and  Johnson  [23 ]  used  tagged  chlorine 
to  elucidate  the  mechanism  of  rearrangement  of  dlchlordlethylendlamine  compounds 
of  cobalt.'  V 


There  Is  a  very  interesting  paper  by  Long  [24]  beginning  with  a  study  of 
the  exchange  between  020^,^“  and  [Cr  (0204)3]®”  in  order  to  elucidate  the  mechanism 
of  racemizatlon;  no  exchange  was  observed.  Later  he  studied  the  complete  family 
of  trioxalates  and  shoved  that  cobalt  and  chromium  trioxalate  did  not  show  any 
exchange,  but  .derivatives  of  aluminum  and  iron  shoved  a  rapid  exchange.  The 
author  connected' the  results  with  the  fact  that  in  cobalt  and  chromium  complexes 
there  are  covalent  bonds,  while  in  the  derivatives  of  A1  and  Fe  there  are  ionic 
ones,  ^us  Long  studied  the  behavior  of  groups  of  compounds  with  identical  addends 
but  difference  central  ions. 


EXFEBIMENTAL 

|. 


In  our  work  ve  decided  to  study  the  behavior  of  acldocomplexes  of  the  type 
IQ2[PtX4]  differing  in  the  nature  of  the  co-ordinated  groups.  In  particular.  In 
our  experiments  X  represented  Cl”,  Br”,  l”,  CH”.  At  the  same  time  ve  also  studied 
the  systems  K4  (Fe(CN)el  +  CN”.  Since  It  was  not  necessary  for  us  to  separate  the 
tagged  X”  from  the  basic  mass  of  X”,  in  distinction  from  the  procedure  used  in 
previous'  work,  namely  the  method  of  Szillard  and  Chalmers,  the  tagged  atoms  of 
halogen  were  prepared  by  irradiating  IIH4X  salts  where  X  =  Cl,Br,I.  In  this  way 
Cl(®®),  a  mixture  of  Br(®°)  and  Br(®®),  and  was  obtained.  Under  the 

conditions  of  reaction  practically  only  the  halogen  was  activated  in  the  compound 
NH4X. 


Only  be  means  of  the  above  mentioned  method  was  the  performance  of  the 
experiment  with  halogenldes  very  much  simplified.  Attempting  to  snytheslze 
cyanide  derivatives  by  the  simples't  possible  means  we  started  out  from  the 
assumption  that  the  nitrogen  atoms  formed  in  the  corresponding  nuclear  reactions 
should  be  chemically  very  active  and  ought  to  Interact  with  carbon  forming  cU. 

If  this  were  correct  then  it  would  be  expected  that  CN  could  be  got  into  solution 
by  shaking  Irradiated  ceirbon  plates  with  a  solution  of  ordinary  KCN.  Experiment 
completely  confirmed  our  expectations.  To  confirm  that  ve  actually  had  obtained 
active  cyanide,  we  carried  out  a  whole  series  of  control  experiments. 


Thus,  for  example,  we  distilled  HCN  from  a  solution  acidified  with  H23O4,. 
mixed  the  distillate  with  a  solution  of  KCN  and  confirmed  the  activity  by 
precipitation  of  silver  cyanide  and  measurement  of  the  decay  period  of  the  active 
preparation. 

By  such  experiments  ve  were  able  to  make  certain  that  ve  had  actually 
synthesized  cyanide  containing  active  nitrogen  as  a  result  of  a  nuclear  reaction. 
This  is  an  interesting  example  of  a  *kiuclear**  chemical  synthesis  by  a  nuclear 
reaction. 


In  this  way  active  halogen  and  cyanide  ions  were  prepared  and  were  used  for 
the  study  of  exchange  with  compounds  of  the  K2[PtX4]  type.  Active  cyanide  ions 
were  also  used  for  studying  the  exchange  of, cyanide  with  K4(Fe(CK)3). 

^  Such  exchange  experiments  were  carried  out  as  follows:  A  definite  weight  of 
the  salts  KatPtX^]  was  taken,  dissolved  in  water  and  to  the  solution  an  aliquot 


velghed  quantity  of  solution  of  the  Irradiated  preparatlonNEiX-vas-  added  In  such 
quantity  that  the  equilibrium  distribution  of  activity  between  the  complex  Ion 
[PtXtl^'and  the  tree  Ions  X*  vas  quite  definite  (for  example  Such  a 

distribution  could  be  obtained  If  the  weight  of  Ions  JC In  the  complex  Is  equal-  to 
the  weight  of  Ions  X*  outside  the  complex.  '  The  solution  was  shaken  for  some  time  ■ 
at  a  definite  temperature.  To  terminate  the  exchange  an  excess  of  reagent  vas 
added  to  the  solution^  X^^eclpltatlng  the  complex  Ion  [PtX^]^*  and  preventing  the 
exchange  Interaction  with  the  X'  Ions.  In  working  with  the  complex  Ions  [PtX4]^ 

(X  «  Cl^  Br,  1)  a  tetrammlne-plato-chlorlde  [Pt(NH3)4]  Cla  was  used  as  a  '  * 

precipitating  reagent.  In  the  case  of  K2[Pt(CR)4]  precipitation  was  made  with 
benzidine  hydrochloride  because  the  compound  [Pt(NH3)4]  0X3  under  the  conditions 
of  the  e^^rlment,  reacts  with  KCH  with  elimination  of  and  formation  of  the 
Ion  (Pt(CN)4p'.  ...  '  . 

Special  experiments  were  carried  out  to  establish  that  benzidine  I;ydrochlarlde . 
reacts  with  K;2(Pt(CI})4]  with  formation  of  the  low  solubility  coo^und  (C6H4NH3)2 
[Pt(CN)4],  the  composition  of  which  was  found  by  analysis  to'be:  Tt  Calculated  5^: 
40.21.  Found  40.60,  40.10,  59*4;  average  40.05. 

The  preclpltete  obtained  after  washing  the  water,  alcohol,  and  ether  vas 
wrapped  In  celldphane  and  subjected  to  measurement.  For  compartsOh  the  activity 
*•  titer'*  of  a  precipitate  of  silver  salt  AgX,  was  measured,  thls‘ha“\^lhg  been 
preclx>ated  from  another,  similar,  aliquot  of  the  test  solution  of  the  welched 
irradiated  preparation.  In  working  with  K4rFe(CN)e]  we  used  another  precipitant 
for  the  complex  Ion,  this  being  lead  nitrate  efter  acidification  of  the  solution 
Of  the  complex),  benzidine  hydrochloride  and  calcium  nitrate  in  the  presence  of 
ammonium  Ions.  ...  . 

•  ..."  '  ...V.  ,  -  -  -  .  TABI£'l  ‘  ■  .  '  _  '  "  -  -  - 


Exchange  with  different  platlnlc  systems 
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-  The  results  obtained,  collected  in  Tables  1  and  2,  shov  tt^t  exchange 
occurs  in  all  the  platinic  systems  studied.  The  rate  of  exchange  depends  in  a 
definite  vay  on  the  nature  of  the  co-ordinated  group.  The  equilibrium  activity 
distribution  vas  obtained  more  rapidly  in  the  case  of  the  [PtCCN)^]*”  ions.  . 

After  thls*ln..de£cending  order  are  the  ions  and  [Ptl4]^*,  [PtBr4l^“/  and 
Jo  excha^e'  occurred  with  yellow  potassium  ferf  Icyanide.  ' 

We  shall  dwell  initially  on  platinum  compounds*  The  data  obtained  by  us 
indicate  the  rate  of  exchange  between  complex  ions  and  the  corresponding  free  ions 
in  solution.  Thus,’ these  data  are  in  essence  kinetic.  Kinetic  data  are  not  always 
simply  related  to  thermodynamic  magnitudes  which  characterize  the  stability  of  a 
system. 

;  But  in  the  case  given  we  observed  a  very  interesting  relationship  determined 
apparently  by  characteristic  peculiarities  of  the  systems  studied. 

TABI£  2  .  -  -  ' 

Comparison  of  rates  of  exchange  in  the  Xif 

system  ^  X*"  as  a  function  of  f  V  •  •  . 


the  nature  tf  the  co-ordinated  anion. 
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Tlae  of  attainment  of 
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We  cein  see  that  the  more  stable 
the  system  in  the  thermodynamic  sense 
th^  mOfe  rapid  the  exchange.  At  a 
first  glance  this  appears  to  be  a 
I>aradpx.  However,’  it  may  be  under¬ 
stood  if  it  is  considered  that  in  all 
cases  known  to  us  the  cyanide  ion  is 
very  easily  and  rapidly  replaced  by 
Other  groups  co-ordinated  with  the 
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Exchange  of  ions  of  cyanide  with 

K2l>t(CH)4.  .  .. 

A;)logN’,  Bj  time  (in  mlnutes);  1) 
activity  ^iter";  2)  activity  of  cOfflpler 
by  direct  exchange;  3)  activity  of 
complex  by  Reverse  exchange**. 


divalent  platinum  ion.  Thus,  for 

example,  cyanide  ions  displaced  chlorine  ions  with  extreine~ease  from  [PtCl4]^”,  . 
molecules  of  IJHa  from  the  (Pt(lJH3)4]^  j  dlnethylglyoxlme  residues  from  a  molecule 
of  PtDaHs, etc.  Second  place  is  taken  by  the  iodide  ion,  thereafter  comes  the* 
bromide  ion  and  finally  the  kinetlcally  most  sluggish  chlorine  ion.  Thus,  the 
anions  studied  by  us  are  eirranged  in  the  same  order  according  to  the  ease  of  their 
introduction  into  the  complex  ion  of  divalent  platinum  with  different,  co-ordinated 
addends,  in  general  by  the  facility  of  replacement  of  the  given  ion,  this  order 
being  the  same  as  that  of  its  stability  euid  the  rate  of  the  exchange  we  studied. 

We  can  conclude  that  the  CN  ion  can  most  readily  displace  other  groups  co-ordinated 
to  platinum,  extending  this  ability  so  far  that  it  is  '•  self-replacing**. 

However,  the  practically  coroplete  absence  of  exchange  with  ferrocyanlde  ions  - 
shows  that  the  cyanide  ion  does  not  always  behave  in  this  way.  It  is  evident  that 
there  is  a  great  difference  between  the  platlnocyanlde  and  the  ferrocyanlde  ions. 

Although  ve  have  no  accurate  data  relative  to  the  instability  constants  of 
the  platlnocyanlde  ion,  nevertheless  on  the  basis  of  the  order  of  placing  of  the 


Excl.arige  occurred  only  to  the  extent  of  11^  in  one  hour. 
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Ions  it  can  be  asserted  vlth  complete  certainty  that  the  platinocyanlde  Ion  in 
.  the  given  case  Is  no  less  stable  than  the  ferrocyanlde  ion,  but  the  farmer 
differs  from  the  latter  in  its  co-ordination  type,  in  its  charge,  and  in  the  size, 
of  the  trans-influence  group,  vhlch  in  the  case  of  platinum  is  expressed  more  • 
strongly  than  in  the  case  of  the  derivatives  of  iron.  The  difference  of  the 
co-ordination  types  may  be  very  important  because  compounds  with  co-ordination- 
number  ^  are  potentially  unsaturated  in  distinction  fi’om  compounds*' vlth  co- 
..ordination  number  6.  In  spite  of  everything  this  factor  can  hardly  have  a 
decisive  Importeince  in  all. cases.  This  is  clear  by  comparison  of  the  rate' of 

exchange  of  [Pt(CN)4]^"  and  [PtCl4]^*  and  likewise  by  the  existence  of  exchange 
vlth  ions  of  octahedral  structure  [PtXel**# 

The  difference  of  charge  of  complex  ions  may  and  should  be  reflected 
unconditionally  in  the  kinetics  of  exchsinge  but  it  is  doubtful  whether  this  one 
circumstance  cein  cause  so  large  a  difference  in  the  behavior  of  [Pt(CN)4]^  and 
.XJ’cCcN)©]^  .  The  magnitude  of  the  trans-influence  in  complexes  of  platinum  and 
Jxon  is  extremely  different,  and  in  our  opinion  it  can  play  a  considerable  ro^ 
in  explaining  the  observed  differences  in  their  behavior.  ' 

Further  investigation  is  already  under  way  to  make  more  precise  the  role  of 
separate  factors  mentioned  on  the  rate  of  exchange. 

It  is  likewise  not  yet  possible  to  decide  finally  whether  exchange  occurs  . 
in  compounds  of  the  [PtX4]^'’  type  by  direct  first  degree  dissociation  according 
to  the  scheme:  [PtX4]^“  +  ^  [PtXaHzO]"  +  X’,  or  whether  it  occurs  through 

intermediate  addition  of  another  addend  according  to  the  scheme: 
lPtX4]^"  +  X*  [PtXg]^”  and  [PtXg]®"  ^  [PtX4]®“  ♦  X". 

All  the  same  it  is  the  extremely  Interesting  fact  that  complexes  such  as 
[Pt(CN)4l^“  and  [Fe(CN)e]'*“,  which  are  so  stable  in  the  thermodynamic  sense,  3uy 
yet  differ  so  strongly  from  one  another  in  the  ”  lifetime"  of  the  Me-CH  bond. 

The  existence  of  extremely  rapid  exchange  with  [Pt(CN)4l^  and  the  practically 
complete  absence  of  exchange  with  [Fe(CN)6l^”  vas  established  by  us  by  a  whole 
series  of  control  experiments.  One  of  these  experiments  vas  the  reversal  of  the 
activity  from  the  activated  [Pt(CN)4]^’,  by  adding  an  excess  of  KCN  to  the 
solution,  with  a  complete  change  of  distribution.  This  experiment  showed 'that 
reverse  exchange  in  [Pt(CN}43^”  is* likewise  very  rapid  and  leads  to  an 
equilibrium  distribution  of  activity.  ' 

The  results  of  these  experiments  are  shown  in  the  figure  adjoined. 

The  data  of  the  experiments  vhlch  ve  carried  out  to  evaluate  the  energy  of 
activation  of  the  reaction  [PtCl4]^*  +  Cl"  and  [Ptl4]^"  +  l"  will  be  presented 
in  another  paper. 

Nevertheless  it  may  be  said  at  once  that  the  energy  of  activation  in  the 
case  of  iodine  systems  is  considerably  less  than  is  the  energy  of  activation  in 
the  case  of  chlorine  ones. 
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STATE  AND  HIOFERTIES  OF  SILICA  IN  SILICATE  GLASSES 


’  :  A.A.Appen 

The  estahllshment  of  a  conzmectioh  hetveen  the  properties  of  glass  and  its 
composition  Is  a  fundamental  problem  In  the  science  of  glass.  The  prediction  of 
the  i>roperty  of  a  glass  from  Its  chemical  composition,  or  Inversely  the  accurate 
compounding- of  a  glass  so  as  to  have  specified  properties,  is  In  principle  a 
very 'Important  task,  the  solution  of  vhlch  Is  of  great  consequence. 

The  solution  of  this  problem  In  Its  entirety  is 
impossible  vlthout  establishing  a  general  relationship  0 SOt  •  t 

between  the  change  of  properties  of  glass  and  its  SO  * 

,  composition  and  vlthout  careful  study  of  the  structure  ^ 

of  glass.  •  '  ;  5  *  ■ 

A  single  direct  method  of  structural  analysis  a  0 

(X-ray  and  electronography)  Is  Insufficient  to  elu-  -  ^  ~  L  . 

cldate  the  structure  of  a  glass.  This  is  particularly  isO'  *  0 

true  when  dealing  with  complicated  multi-component  \ - /  . 

glasses.  It  la  necessary  to  resort  to  physlco-  •  o  ®  * 

chemical  Investigation  In  all  Its  many  forms.  '  sso-  .  '  i  . * 

The  methods  of  physico-chemical  analysis  used  In  '  •./ 

the  Investigation  of  alloys,  solutions,  and  molten  •  _  ^  ^  jXf 

salts  (Kurnakov*s  school)  have  led,  as  it  is  known, 
to  extremely  fruitful  results.  These  same  methods 

are  becoming  more  auad  more  Important  In  the  study  ® 

of  glassy  systems.  Nevertheless,  up  to  the  pre-  IS.  .  4 

sent  It  has  not  been  possible  to  find  any  general-  *  A  ' 

Ized  rule  relating  the  change  of  the  properties  of 

a  glass  to  Its  composition.  Previous  proposals  . 

about  the  applicability  of  the  additivity  rule  to  .  U7  * 

glass  systems  In  general  have  been  shown  to  be  In-  • 

valid  on  experiment.  The  deviations  from  the  ^  _ i.. -  i  . — 1 - ■  t 

additivity  rule  observed  in  the  properties  of  30  &  7o  So  ^ 

glasses  by  the  majority  of  Investigators  lave  been  Fig.  1  Change  of  partii 

explained  by  the  formation  of  definite  chemical  properties  of  silica  li 

compounds  between  oxides.  However,  attempts  to  ..  silicate  glasses, 

establish  a  connection  between  the  composition  ^”^8102^  ^"^SiQz'  ^”^8 

diagram  and  the  properties  of  glasses,  even  In  the  D-a„  •lO'^*  molai 

simplest  systems,  undertaken  by  Evstropev  [ij#  *  *  '  ^'*102  * 

Kumanln  [2]  and  other  Investigators  have  not  yielded  S10&  I-LI2O  -  8102*  2- 

concordant  .results.  This  demonstrates  the  dlffl-  O-SlOg*  J-KaO-Si^j 

culty  of  studying  glass  systems.  The  many  sided  Ij-NaaO-BaO-SlOa;  5-Na2< 

Investigations  or  the  properties  of  the  ternary  CaO-8102. 

system  Na20-Fb0-8i02  undertaken  by  collective  authors 

under  the  leadership  of  Grebenshchikov  [3]  shoved  that  there  Is  a  connection  be¬ 
tween  the  composition  diagram  and  the  properties  of  these  systems.  In  the  glass 
form;  however.  It  Is  manifested  rather  weakly  end  not  In  all  properties  and  only 
at  definite  temperatures  The  task  of  establishing  a  connection  between  the 
properties  and  composition  of  glass  becomes  peculiarly  difficult  In  the  Invest- 
•  Igatlon  of  multicomponent  systems,  such  as  technical  glass. 

The  usual  method  of  constructing  the  property/composition  diagram.  In  vhlch 
one  of  the  separately  measured  properties  of  the  composition,  taken  as  a  whole.  Is 
plotted  on  a  diagram.  Is  insufficient  to  treat  the  whole  complex  of  phenomena 
occurring  In  complex  systems.  It  seems  desirable  to  look  for  other  means  of  In¬ 
vestigation.  It  Is  Interesting  to  analyze  In  every  given  case  the  change  of  prop¬ 
erties  not  In  the  system  taken  as  a  whole,  but  the  change  In  property  of  separate 
components  entering  Into  the  system.  We  may  have  confidence  that  such  a  method 
of  analysis  of  the  composition/property  diagram  will  make  It  possible  to  find  a 

•  general  connection  between  the  behavior  of  components  In  glasses  and  to  obtain 
Irv  some  cases  new,  indirect.  Information  about;  their  molecular  state. 


45.  »  %  •  • 

- 1..  -  i - 1 - 1  ..  I  c 

30  so  70  Co  so  Z. 
Fig.  1  Change  of  partial 
properties  of  silica  In . 
silicate  glasses. 

^"^8102'  ®“^SiQ2'  ^“^8102 

105;  molar  J 

8102.  I-LI2O  -p  SIO2;  2- 
Ka20-S102j  3-K20-Si02; 
4-Na20-Ba0-S102;  5-Na20- 
CaO-8102* 


1)  See  next  p-ige  for  footnote. 


•  *  ^  The  question  arises  as  to  vhat  part  of  the  glass  should  be  taken  as  a 
.  component,  and  in  vhat  units  the  composition  of  the  glass  should  be  expressed. 

Thus  far,  attempts  to  study  the  properties  of  elementary  ions  or  to  suggest 
definite  chemical  compounds  in  glass  have  not  had  a  pronounced  success. 

Evstrppev  [^^],  studying  the  change  of  specific  volume  and  refraction  of 
the  oxygen  ions  in  a  glass,  did  not  succeed  in  finding  any  unified  equation 
relating  the  Indicated  properties  of  the  oxygen  ions  with  the  composition  of 
the  glass.  For  each  glass  system  the  change  in  properties  of  the  oxygeji  ions 
follows  its  own  law  and  the-  task  of  generalizing  the  experimental  material,  ax>p« 
arently,  vas  Inconclusive. 

The  method  of  expressing  the  composition  of  glass  in  elementary  ions  (atoms) 

likewise  has  other  deficiencies.  In  distinction  from  metallic  alloys,  in  glasses 

it  is  not  possible  to  have  a  quantitative  relationship  between  atoms.  The  number 

of  atoms  of  oxygen  in^the  glass  is  not  an  Independent  variable  parameter.  In 

glass  it  is  possible  to  have  any  relation  between  oxides,  but  not  between  ions. 

For  example  in  the  expression  xNagO'yCaO'zSlOpj  bhe  co-efficients  x,  y,  z 

may  have  any  value  within  known  limits.  In  the  expression  Na^CaySl^Oj^  the  values  . 

of  the  co-efficients  x,  y,  z,  k  must  be  limited  by  the  fact  that  the  sum  of  the 
I>osltlve  valences  must  equal  the  sum  of  the  negative  valences.  This  method  of 
expressing  the  composition  of  the  complex  system  in  elementary  atoms  seems  to  be 
fundamental  in  application  to  metallic  alloys  but  cannot  be  considered  suitable 
for  application  to  glasses,  because  of  the  overshadowing  effect  of  the  difference 
between  alloys  and  glasses  referred  to  above. 

Painstaking  work  in  calculating  the  gross  composition  of  glasses  in  terms 
of  oxides  of  definite  chemical  compounds,  known  in  the  crystalline  state,  likewise 
has  not  proved  itself  of  value,  either  from  the  point  of  view  of  meeting  practical 
needs  (work  of  Biltz  and  of  his  collaborators  [5])  or  from  the  purely  theoretical 
point  of  view.  The  expression  of  the  composition  of  a  glass  in  terms  of  chemical 
compounds,  has  no  particular  significance,  since  the  real  coni>osltlon  of  the 
chemical  compounds  in  glasses  cannot  be  considered  to  be  known.  It  is  not  suffi¬ 
cient  as  a  basis  to  assume  that  glass  systems  are  composed  of  the  same  compounds 
as  are  crystalline  silicates .  In  the  glass  state  conditions  are  created  which  are 
more  favorable  to  the  existence  of  different  londetermined  chemical  compounds  of 
variable  composition.  The  varying  capacity  of  silica  for  the  formation  of  in¬ 
determinate  chemical  compounds  with  metal  oxides  was  particularly  emphasized  by 
Mendeleev,  In  his  classic  work  "  Basis  of  Chemistry”  be  wrote:  ”  If  we  designate  , 
oxides  by  MO,  then  the  composition  of  different  silica  compounds  will  be  mMO’nSiOz** 
Mendeleev  considered  glass  as  an  amorphous  melt  of  undetermined  siliceous  compounds. 
He  considered  definite  chemical  compounds  only  as  limited  forms  of  indefinite 
compounds.  This  proposal  of  Mendeleev's  further  developed  by  Akad.  Kurnakov, 
should  be  considered  a  guiding  principle  in  the  interpretation  of  the  nature  and 
crystal  structure  and  in  particular  of  the  glassy  form  of  silicates. 

In  our  work  we  expressed  the  composition  of  a  glass  in  mol.  fractions,  mol. 
percentages  or  in  number  of  mols  of  oxide.  This  method  of  expressing  the  composition 
of  a  glass  has  a  definite  superiority  over  other  known  methods  including  the 
following: 

1)  The  main  characteristic  type  of  crystal  structure  in  glassy  silicates 
appears  to  be  a  relation  of  the  number  of  atoms  of  silicon  to  the  number  of  atoms 


Ccm..unlcation  I  on  the  investigation  of  thd  relation  between  properties  and 
composition  of  glasses. 

D.I.  Menielcev,  Collected  Works,  XIV,  I736,  1949- 


of  oxygen  /si 


80  that  the  magnitude  f^.  expresses  the  Tlegree  of 
.  HI 


This  ratio  lies  at  .the  root  of  all 


binding  of  the  slllcon-oxygen  skeleton. 

contemporary  classification  of  silicates  according  to  their  structure.  To  a 
first  approximation  It  may  be  taken  that  glasses  having  Identical  f_  values 
are  structurally  equivalent.  , 

In  Table  .1  are*  shown  as  an  example  five  methods  of  expressing  the  composition 
of  a  glass  'in  molar  or  atomic -ratios.  .  , 


TABIS  1 

Method  of  expressing  the  Composition  of 
a  Glass  In  Molecular  Ratios  '  '  ' 


Expt 
Ho.  • 


Method  of 
expressing 
composition 
of  the 
glass 


In  oxides 
0 

In  hypo¬ 
thetical 
chemical 
CQmx>ounds 

In  ele¬ 
mentary 
cations  ■ 

In  ele¬ 
mentary 
cations 
and  anions 


[ 


In  the 
relative 
cation 
fractions 


I^Jmbers  chareicter  Izlng  * 
the  state  of  the  glass. 


Glass  A: 
Na20*2SlQ2 

0.40| 


■fsi 


Na^O  ““1 
6102  —2 


Ra2Sl20^1 


Ra: — 2 
SI— 2. 

Ra— 2 
Si— 2 

0  —5 


-Re 


Glass  6: 
Ba0-2S102 

•^Sl  =  o.Uo 


BaO— 1* 
SlO^-2 

BaSiCa— 1 
SiOg— 1 


Ba— 1 
SI— 2. 

Ba— 1 
SI— 2 
0  —5 


It  is  evident  that  the  composition 
of  two  glasses  A  and  B  having  equal 
fsi  coefficients  is  expressed  by 

the  seme  number  only  In  Method  1. 

Thus  the  structural .equivalent 
agrees  with  th6  eurlthmetlcal  equiv¬ 
alent  only  In  the  case  whef  C.  t]^ 
composition  of  the  glass.  Is  ex^essfcd 
In  oxides  (in  molar  r&tlos).  'Such 
a  conclusion  Is  correct  also  fpi* 
complicated  glasses.  Only  the  Intro¬ 
duction  Into  the  glass  of  the  oxides 
of  trivalent  elements  (Al2Q3,B203). 
Introduces  a  change  In  this  simple 
rule.  Consequently  It. may  be  expected 
that,  by  expressing  the  composition 
of  glass  In  mols  of  oxides,  a  sim¬ 
pler  form  of  Interconnection  be¬ 
tween  the  composition  of  the  glass 
and  Its  properties  should  be  found. 

Our  Investigation  completely  con¬ 
firmed  this  proposition. 


^i-l 


2)  .  Identical  molar  percentages 
of  SIQ2  In  different  glasses  mani¬ 
fest  themselves  also  by  Identical 
average  degrees  coherence  of  the 
silicon  oxygen  skeleton.  But  the 
properties  of  silicate  glasses 
depend  to  a  considerable  extent 
on  the  degree  of  coherence  of  the 
.  \  '•v'*  .  •!  silicon  oxygen  skeleton.  This 

factor  can  be  most  slmplj^  studied  only  by  expressing  the  composition  of  the  glass 
In  oxides  and  not  by. other  means. 

5)  The  method  of  expressing  the  composition  of  a  glass  in  oxides  Is  more 
convenient  In  practice.  It  cannot  be  considered  that  this  method  Is  essentially 
out-of-date.  Silicates  are  compounds  Intermediate  In  character  between  typical 
salts  and  oxides.  Among  all  the  saltsof  hydroxy  acids  silicates  most  closely  , 
approximate  In  their  structure  to  Ionic  oxides,  having  a  coordinate  lattice. 
Consequently  the  expression  of  the  composition  of  silicates  In  oxides  does  not 
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.contradict  the  current  state  of  silicate  science.  It  is  only  necessary  to  bear 
.In  mind  that  by  the  concept  of  oxides  in  silicates  is  understood  not  discrete - 
molecules  (such  do  not  occur  in  pure  silicate  •  forming  oxides  either)  but  an ' 

.  .association  of  oxygen  and  electropositive  elementary  ions  in  definite  quantit- 
.ative  ratios  and  distributed  vis-a»vis  one  another  according  to  co-ordination  . 
principles. 

b)  In  expressing  the  composition  of  a  glass  in  oxides  it  is  possible  to 

•  equalize  directly  the  proj>ertles  of  the  oxide  in  the  free  crystalline  and  the 
glassy  form  vith  the  properties  of  the  same  oxide  in  complex  glasses.  But  on 
changing  the  properties  it  is  possible  to  assess  also  those  structtnral  changes 
vhich  oxides  suffer  on  introducing  them  as  component  parts  into  complex  glasses. 
Study  of  the  properties  of  a  glass  should  not  be  limited  to  one  selected  system. 

It  is  extremely  important  to  trace  the  behavior  of  one  and  the  same  oxide  in 
different  simple  and  complex  systems  and  in  technical  glasses.  The  behavior 

of  oxides  in  glass  should  likewise  be  investigated  not  for  one  but  for  a  number  • 
of  properties,  collecXlng  the  largest  possible  amount  of  experimental  Taatertal. 

Ve  have  published  a  number  of  papers  on  such  series  of  investigations. 

In  our  work  ve  used  data  published  at  home  and  abroad  relative  to  properties 
of  bo  binary,  ternary  and  multicomponent  silicate  glass  systems  ^d  some  of  our 

•  own  experimental  data  as  veil.  Our  investigation  covered  in  its.  first  stage 
four  properties  of  glasses:  the  density  d  or  molecular  volume  V^,  the  refraction 
index  Ujj,  the  mean  dispersion  n^  — n^,  and  the  mean  coefficient  of  linear  expeuision 

®20— boo*.  '  ■  ^  ' 

From  these  properties,  vhich  were  examined  by  us  simultaneoiisly,  it  is 
possible  to  make  a  more  versatile  investigation  into  the  behavior  of  oxides  in 
glass.  *  '  -  "  . 

EXPERIMENTAL 

Method  of  determining  the  properties  of  oxides  in  glass.  If  a  glass  were  a 
physical  mixture  of  the  initial  oxides,  the  properties  of  the  latter  would  remain 
constant  in  all  glasses  and  equal  or  nearly  equal  to  the  property  of  the  pure 
glassy  or  crystalline  oxide.  In  actual  fact  this  is  never  observed. 

In  the  process  of  compounding  a  glass  the  initial  oxides,  forming  in  the 
glass,  react  with  one  another  and  change  their  state.  Hence  the  properties  of  tie 
free  oxides  are  not  equal  to  the  properties  of  the  oxides  in  the  glass.  The 
properties  of  the  oxides  in  the  glass  say  be  expressed  by  definite  numerical 
characteristics  which,  in  a  series  of  cases^  may  be  found  by  simple  calculation 
ftrom  experimental  data.  The  method  for  determining  the  properties  of  the  oxides 
in  glass  is  ddeduced  as  follows.* 

Let  the  property  of  Interest  to  us  be  some  Intensive  property  g.  I^e  in¬ 
tensive  properties  are  determined  by  the  composition  of  the  system  but  not  by  the 
quantity  of  material  in  it.  We  may  Introduce  some  extensive  property  G 

- -  ZMjYi 

Tne  molecular  volume  of  a  glass  is  calculated  from  the  relations  V  « - ^ - , 

.  '  where  M  =  molecular  weight  of  the  oxides,  =  content  of  oxides  in  the 
glass  in  mol.  fraction. 

The  deduction  of  the  thermodynamic  relationships  given  below  was  accomplished 
with  the  active  participation  of  V.A.Kczheurov. 
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deteriained  by  the  .eqiiatlon:  *'  -''M-  - 

-  0  i«  g  (ai  ♦  as  t _•.••),  ■*  ...  /:  l[l) 

vhere:  ax*  as  ...  «  no.  of  iQo}:s*‘Df  components  of  the  system;  •  total  no. 
of  mols  or  all  components  of  the  system.  *  * . “  •  r-’  ,,  *.;  • 

Equation  (l)  Is  correct  Inasfar  as  the  extensive  property  of  the  system 
Is  determined  hy  the  quantity  of  each  of  the  component  p&rts.  -•  •  •  *• 

On  the  other  hand,  for  a  characteristic  extensive  property  6f  tiip  soiutlbti 
the  following  equation  Is  deduced  In  thermodynamic ss  .  -  '  .-.  .-r- 


axgi  +  ag^  +  ...  “=Sa^gj^j 


: ;  (2); 


where  general  representation  for  the  quantities  gi,  gs»  etc;  the  latter  are 
partial  molar  quantities  of  the  components  and  are  determined  hy  the  relations: 


jsi '  8®  ”  a;; ' 


Solvljig  for  £  with  the  help  of  Eq'oatlcn  (i)  we  obtain: 

^lii 


-  g  *= 


£ai 


— S  6ii» 


p) 


where  =  general  representation  of  mol.  fractions  of  components  Yx, Vs,  etc. 

Determining  the  .ma^iltude  g^  by  Relation  (3)  we  avoid  the  arbltary  and 
many-valued  solutions  of  Equations  of  type  (U).  The  numerical  value  gi  may  be 
found  experimentally  by  determlng  the  change  In  properties  of  the  given  system 
as  a  result  of  the  Introduction  of  the  components  under  Investigation. 

Let  us  solve  this  problem  for  the  general  case,  l.e.'for  a  multlcoo^onent 
system.  .  ^  -  .... 

We  have:  Yx  +  Ys  +..!..+ =*  1.  -  ‘ 

'Let  the  mol.  fractions  of  the  first  component  change  by  seme  amount  while 
the  ratio  of  all  other  components  one  to  another  remalcs constant.  The  magnitude 
£  may  In  this  case  be  considered  as  a  function  only  of  Consequently  we 
shall  have:  -*-•  • 

:  *  - .  Q  ^  gSais  '  ./V"': 


Yx 


.^Yi. 


Caj^' — -  ax  1  — Yx 


l.e. 


gi 


g  +  (1  —  Yx)  . 


(5) 
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i  • 

!  4 


.1  - 


.In  particular  vhen  ■=  0,  'Ri  **  g.  ,  '/ '*  /  ... 

•  •  .  ‘  • 

For  extensive  properties-  (volume,  heat  capacity.  Internal  energy  etc.), 
related  to  1  mol  of  substance,  general  equations  .are  deduced  In  chemical 
theirmodynamlcs  relating  molar  properties  and  compositions  of  a  solution  to  the. 
partial  molar  properties  of  the  components.  Equation  {^)  Is  essentially  the 
partial  form  of  this  general  equation.*-  However,  as  may  he  seen  from  the 
exposition  above,  it  Is  applicable  not  only  to  properties  connected  with  the 
quantity  of  substance  but  also  to  purely  Intensive  properties  as,  for  example, 
the  refractive  Index,  dispersion,  hardness  etc,  though  under  known  reservations. 
In  the  form  of  Equation  1. 

For  ^actlcal  utilization,  Equa;tlon '(^)  maybe  put  IntheTorm: 

^  **  g  +  •  (5a) 

In  equation  ^a  the  values  of  g  and  Z^g  are  determined  experimentally, Yx 
Is  given  by  the  Initial  composition  andZ^Vx  Is  calculated  from  the  change  of 
composition.  '  .  - 


The  partial  quantities  calculated  from  equation  ^a  have  a  definite 
'thermodynamic  meaning:  they  represent  the  change  which  the  properties  of  the 
system  suffers  on  addition  of  the  component  Investigated.  In  particular  cases 
this  quantity  may  correspond  to  the  particular  partial  property  of  the  coa- 
pcnent  la  the  system  or  la  our  case  to  the  par.tlal  property  of  the  oxide  in* 
the  glass.  It  can  be  assumed  that  the  change  “In  the  property  of  the  glass  g  by 
the  quantity  Ag  on  addition  of  one  of  the  components  Is  caused  by  two  effects: 

l)  Difference 'Ijetween  the  properties  of  the  initial  glass  and  the  partial 
properties  of  the  component  Introduced  Into  it; 


2)  Change  of  the  structure  of  the  glass,  in  the  broad  sense  of  this  word, 
as 'a  result  of  the  Introduction  of  the  component  which  causes  a  change  of  the 
properties  of  the  stable  components  In  the  Initial  glass. 

The  quantity  corresponds  to  a  true  partial  property  of  the  component  ' 

in' the  glass  only  In  those  cases  where  the  second  cause  Is  not  effective,  l.e. 
where  the  properties  of  the  initial  glass  are  a  linear  function  of  the  ccMn- 
I>osltlon.  As  a  rule  this  condition  Is  not  fulfilled.  In  particular  in  the 
presence  in  the  glass  of  the  oxides  TlOg,  B2O3,  and  some  others.^  In  the 
absence  of  the  Indicated  oxides  the  role  of  the  second  factor  Is  not  great  in 
the  limited  field  of  composition  examined  by  us,  and  It  may  be  neglected.  Then 
the  quantities  come  near  to  the  real  'partial  properties  of  the  components. 

The  quantities  g±  for  one  component  change  so  little  with  comx>ositIon  .that 
they  can  be  averaged  and  expressed  by  definite  constant  figures;  for  others,  as 
mentioned  above  the  quantities  change  according  to  a  definite  law.  It  is  useful 
.  to  distinguish  comiKinents  with  comparatively  stable  and  components  with  quite 
variable  partial  properties. 


*•)  See  e.g.-t  B.F.Dolzh,  Chemical  Thermodynamics.  134-157  (1950). 

*)  The  peculiar  behavior  these  oxides  In  glass  will  be  shown  In  subsequent 
papers. 
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It  can  be  taken  as  a  basis  that  the  quantities  in  cases  vhere  they  are 
close  to  the  real  partial  properties  of  the  components,  are  essentially 
characteristic  of  the  chemical  nature  and  the  structural  state  of  the  com¬ 
ponents,  in  our  case  the  oxides,  in  t^  glass. 

It  should  be  noted  again  that  the  concept  of  "  Oxides*  la  the  glass, 
according  to  our  definition.  Is  quite  arbitrary.  Hone  the  less  the  use  of  this 
conception  is  completely  Justified  and  even  more  so  it  necessarily  follows  from, 
the  whole  exposition.  According  to  the  method  described  above,  partial  prop¬ 
erties  of  the  components,  l.e.,  of  the  oxides,  may  be  determined,  but  It  is 
impossible  to  determine  x>artlal  properties  of  the  ions  or  of  the  coordinate 
polyhedra  formed  llrom  them  because  these  are  not  components.  However,  the 
numerical  characteristic  properties  of  oxides  in  the  glass  cannot  reflect  the  • 
properties  of  the  cations  in  the  corresponding  "oxygen  environment. " 

As  has  been  shown  above,  obtaining  true  partial  quantities  according  to 
Equation  (5a)  is  conditioned  by  definite  requirements  above  the  quantitative 
and  qualitative  change  in  composition  of  the  glass.  In  the  literature  there  Is 
very  little  experimental  data  satisfying  these  requirements.  Hence  the  method 
described  can  find  extremely  limited  use.  However,  for  determining  the 'partial  ' 
properties  of  oxides,  other,  indirect,  methods  may  be  used.  Without  considerable 
depe.'»**’ure  from  the  truth  it  may  be  taken  that  a  number  of  properties  of  complex 
glasses  can  be  arrived  at  additively  from  the  partial  properties  of  their  com¬ 
ponents  (oxides),  so  long  as  the  oxides  TiOz,  B2O3,  FbO  emd  CdO  etc.,  are  absent. 
Thtxs  if  the  properties  of  di-,  tri-,  and  multicomponent  glasses  are  known  on  the 
one  hand,  and  the  partial  property  of  one  of  these  oxides,  calculated  from  Equation 
(5a),  on  the  other  hand,  then  by  simple  calculation  from  the  differences  in  going 
from  the  simple  to  the  more  complex  systems,  the  values  of  the  other  oxides  may 
be  found  from  Equation  (4) .  This  method  was  taken  as  a  basic  one  for  our  in^ 
vestigations. 

In  glass  without  the  presence  of  the  referred-to  oxides,  whose  partial 
properties  vary  considerably,  the  gj^  values  calculated  ftrom  Equation  (5a)  in  ■ 
general  are  in  satisfactory  agreement  with  the  ■gj  values  found  by  difference 
from  Equation  (4^.  Thus,  here  we  get  a  unique  solution  of  the  problem.  The 
examination  of  more  complicated  cases  which  do  not  conform  to  the  limitations 
in  composition  mentioned  will  be  made  later  on.  ...  .  .  ' 

State  and  properties  of  silica  in  glass.  Through  the  oxides  entering  into 
the  composition  of  complex  silicate  glasses,  more  complete  and  certain  inform¬ 
ation  concerning  the  properties  of  silica  can  be  obtained.  The  partial  properties 
of  silica  C8UI  be  calculated  in  particulao:  from  the  results  of  investigating  the 
properties  of  binary  glass  systems.  We  prepared  and  Investigated  such  a  special  . 
series  of  tri-component  glasses  from  the  system  HaaO-BaO-SiOa,  in  which  the 
quantity  of  Si02,  was  systematically  varied  while  the  ratio  Na20/Ba0  *  1  remained 
constant.  '  .  . 

The  optical  constants  of  the  glasses  were  measured  on  a  Pulfrlch  refracto- 
meter.  The  density  of  the  glass  was  determined  by  hydrostatic  displacement.  To 
determine  the  average  coefficient  of  expansion  between  20  and  4000  we  measured  the 
change  in  length  of  the  sample,  in  the  form  of  a  rod  I8  cm  long,  (improved  dllato- 
neter  of  type  GIKI).  Pure  reagents  were  used  for  compounding  the  charges.  The 
silica  was  Introduced  as  selected  natural  quartz  or  rock  crystal.  An  electric 
furnace  was  used  for  heating  the  glass,  the  charge  being  placed  in  a  platinum 
crucible  and  the  melt  being  agitated  vigorously.^ 

^"5  In  the  experimental  and  technical  parts  of  the  work  (fusing  the  glasses  and 
determination  of  their  properties),  the  results  of  which  will  be  examined  in  the 
present  and  succeeding  papers,  the  following  persons  participated:  K. A. Shishov, 
S.S.Kayalova,  V.I.Hedvedev  and  0. I. Yakovleva. 


1053 


.  The-  results  of  deternlnir^tbe  properties  of  the  glasses  vhich  we  pre¬ 
pared  are  set  forth  in  Table  2.  I’rom  these  data  the  values  of  the  partial 
quantities  calcixlated  by  means  of  Equation  (5a)«  For.  this  purpose 

ve  used  extensively  the  experimental  data  of  other  Investigators  3]  on  the. 
optical  properties  and  density  of  glass  systems^  HazO-SlOa  KzO^SlOe#  Ra^O- 
-Ca^SlQg.  ' 

^  TABLE  2  '  -  .  ‘  .  *  •' 

Experimental  Data  on  the  Properties  of  some  Glasses  (our  Measurements),  Used 
for  Calculating  the  Partial  Properties  of  Silica 


I^operties  of. glass... 


Composition  of  glass  in  mol 

fractions 

SIQ2 

Li20 

RasO 

K2O 

BaO 

20  0.840 


1.5063  12.607 


Rote;  The  composition  of  the  glasses  here  and  later  is,  in  the  majority  of 
cases,  taken  from  the  quantities  weighed  out.  Practice  shoved  that  with  due 
caution  in  the  fusing  of  the  glass  the  deviation  between  the  analytical  and 
synthetic  data  was  not  considerable  and  lay  within  the  limits  of  analytical 
error. 

The  results  of  calculation  of  partial  properties  of  silica  are  shown 
by  the  position  of  the  points  in  Fig.  1. 

_  For  the  partial  properties  of  silica  ve  intrcd-ced  the  following  designation; 
Rgio^  (partial  refractive  index),  (partial  molar  volume),  (partial 

mea^dlspersion),  (partial  mean  cSefficlent  of  expansion  betve^  20  and  400* 

Before  ve  proceed  to  an  exa'mlnatlon  of  the  results  it  must  be  emphasized 
that  the  partial  properties  of  the  components  canmot  he  determined  accurately. 

For  example,  the  deviation  of  0.3^  of  the  true  densities  of  Glasses  I5  and  16 
from  the  measured  one  causes  an  error  of  2.3/^  in  the  determination  of  in 

this  interval  of  composition;  the  actual  difference  of  coefficient  of  ^  ^ 


expansion  of  these  same  glasses  differs  frca  that  meas’^ed^y 
(this  Is  1$  of  the  value  of  a  for  the  glass) ,  sc  tjiat  the-^rrar  in  the  deter¬ 
mination  of  cte4Q^  vlll  be  10-10“^,  etc.  Errors  in  the  determination  of  the 
composition  or  t^e  glass  ore  alsq  ref lected  Just  ^s  strongly  In  the  relevent  . 
partial  quantities.  •  .**.*..:*  •  i 

In  spite  of  these  unfavorable  circumstances.  Pig.  1  give  a  clear  picture 
of  the  partial  properties  of  silica.  The  partial  values  ^  change  little 
but  alvays  in  the  d^ectlon  of  a  decrease  aa  the  StQ2  content^m  the  glass 
increases.  *! 

_  A  smal^  change,  but  in  the  opposite  direction,  is  shown  by  .the  value  of  ' 

VsiQa-  ■  ' 

The  calculated  values  of  show  large  ^ii^ctuations  in  going  from  one 

glass  to  another,  and  they  are  aetirmlned  with  .small  accuracy.  All  the  same  a 
considerable  diminution  of  the  value  of  with.  Increase  in  the  mol  fraction 

of  SiOs  the  glass  was  observed.  ;  *  '  ^ 

*  -  * 

In  contrast  to  the  properties  mentioned,'  the 'queintities  vary  aroxind 

a  constant  value,  practically  equal  to  the  <^spers^on  of  the  pure  glassy  silica. 

In  general,  for  the  majority  of  thc-properties  of 'glass,  the  partial  properties 
of  silica  appear  to  be  variable.  ' 

This  conclusion  has  considerable  importance  because  it  demonstrates  the 
inaccuracy  of  the  previous  assumptions  about  the  invariance  of  the  properties 

of  silica  in  glass,  which  have  been  made  by  the  majority  of  investigators. 

• 

The  changes  of  the  properties  of  silica  in  glasses  of  different  composition, 
strictly  speaking,  are  not  identical.  However^  relative  to  the  task  of  elxxci-' 
dating  a  more  general  dependence  connecting  the  propertiss  of  glass  with  their 
composition,  and  bearing  in  mind  the  practical  aim  of  calculating  properties 
from  composition,  we  consider  it  necessary  to  deal  with  simplified  observations 
and  averaged  quantitative  characteristic  properties. 

Simplification  and  averaging  appear  to  be  inevitable  ^asures  to  which  ‘ 
it  is  necessary  to  resort  for  the  examination  of  the  properties  of  such  com¬ 
plicated  systems  as  glasses,  where  there  are  such  fcnunerable  possible  com¬ 
binations  in  composition.  •  ;*  •  ,  *  *  ;  • 

The  essence  of  the  simplifications  and  averaging  which  we  have  used  Is 
based  on  the  following  two  assumptions:-  .  .  • 

1)  With  diminution  of  the  quantity  of  silica  in  the  glass  from  100  to  67 

mol  *  =  0.5-0.4J  the  partial  quantities  change 

linearly,  along  one  and  the  sane  straight  line  in  all  silicate  glasses  (at  the 
initial  points,  l.e.  at  lOO^t  SiOz  A^*pse  values  obviously  correspond  to  the. 
properties  of  pure  quartz  glass). 

2)  Over  the  composition  Interval  poorer  In  silica  (from  67  to  about  U5 
mol  ^  SiOg)  the  averaged  partial  properties  of  silica  remain  constant  and 
Identical  for  all  silicate  glasses.  The  value  of  the  partial  properties  of 
silica  in  this  comppsitlon  interval  are  determined  as  arithmetical  means  from 
the  calculated  exper5nental  data  for  the  ccrrecponding  glasses;  they  are 

"siCfe  r  ^iOm= 


')  It  is  important  to  note  that  these  values  agree*  with  those  found 

earlier  by  Denkin.  [6]  by  graphical  analys:.s“of  extensive  statistical  material 
concerning  the  effect  of  small  additions  of  oxides  on  the  optical  constants 
of  optical  glasses. _ _ 
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The  limits  vlthln  yhlch  the  averaged  values  of  the  partial  properties  6f 
silica  In  silicate  glasses  change  are  set  forth  In  Table  3, 

/  •*  .  ,  ^  I  T!ABI£  3  ’  . 

Approximate  figures  for  characteristic  partial  properties  of  silica  In  silicate 

.  .  glasses 


.Average  Values  of  gsjQg 


®51.Q2 

♦ 

l.U585-1.^^75 


®S108  • 

27.25-26.10 

675 

^102  * 


Hote:  The  values  of  taken  as  unchanged  at  all  compositions, 

and  .e(iual  to  the  dlsper^on  of  pure  glassy  silica. 

*  •  .  •  •  :  .  •  •  •  •  rV 

The  variation  of  the  quantities  NsiOg#  VsiOz#  ^IQz*  ^IQe  their 
simplified  and  averaged  form  and  In  accordance  vlth  the  assumptions  we  -have 
made  are  shown  graphically  by  the  solid  line  In  Figure  1. 

These  changes  can  be  expressed  by  the  following  simple  equations t 

•  Hsiqj  -  l.>t75 -'o-ooog  (a  -  67)}  (6)  - 

VsiQj  -  £6.1 +  .0.635  («-  67);  ^  (7) 

ogjQ^.lO'^  *  3S  —  1.0  (a*  67)1  (8)_ 

where  a^67  and  expresses  the  molar  percent  Si02  content* In  the  glass. 

-As  follows  from  the  distribution  of  the  points  on  the  figures,  the  actual 
course  of  the  changes  of  the  average  partial  properties  of  silica  (dotted 
lines)  differ  somewhat  from  the  simplified  course  assumed  by  us.  However,  these 
deviations  only  slightly  exceed  the  possible  error  of  experiment  and  the 
advantages  obtained  by  simplification  In  the  calculations  are  very  substantial. 

The  experimental  material  given  above  can  be  given  a  definite  theoretical 
Interpretation.  According  to  contemporary  ideas  there  are  po  discreet 
molecules  of  SIO2  In  silicate  glasses.  The  basic  structural  unit  of  a  silicate 
glass  Is  the  SiO^  tetrahedron.  Pure  quartz  glass  Is  entirely  composed  of  such 
tetrsdiedra  In  which  each  of  the  oxygen  summits  Is  common  to  two  neighboring 
tetrahedra,  Flguhe  2a  Is  a  diagrammatic  representation  of  the  surface  of  the  • 
SIO4  tetrahedra  in  quartz  glass.  Inside  the  sphere  is  shown  a  ’molecule*  of- 
SlQz.  Each  'molecule*  consists  of  one  silicon  Ion  Si*'*’  and  four  oxygen  half 
Ions  equidistant  from  the  Si*  ,  These  oxygen  Ions  are  said  to  be  'double- 
bonded*.  On  introduction  of  the  first  portion  of  the  oxides  Ke20  or  MeO  Into 
quartz  glass  one  summit  in  a  SIO4  tetrahedra  is  weakened,  because  some  of  the 
oxygen  Ions,  s^ld  to^be  single-bonded,  find  themselves  in  the  neighborhood  of 
metal  ions  Ke^  ^  Ke^  ,  the  electric  field  strength  around  which  Is  weaker  than 
that  around  Si*  (figure  2,bJ.  The  quantity  of  these  tetrahedra  Increases  as 
'.the  quantity  of  oxides  Ke20  +  MeO  in  the  glass  Increases.  The  glass  skeleton 
having  composition  l(Me20  +  MeO) *23102  1*®*  containing  around  SIO2  on  the 
average  is  constructed  of  tetrahedra  with  one  'weakened*  summit.  This 
process  of  change  Is  characteristic  of  silicon-oxygen  glasses  and  is  reflected 
in  the  properties  of  Si02  in  the  glass.  In  the  structural  element  Sl-O-Me  the 
61-0  distance  should  be  less  than  in  the  elements  Si-O-Si^.  It  is  known  that 
Introduction  of  the  oxides  Ke20  and  KeO  into  quartz  glass  should  lead  to  slight 


See  next  p^ge  for  footnote. 
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^stortlon  of  the  SIO4  tetrahe^a,  causlfig  them  to  he  compressed.  Hence 
Y510  slightly  diminishes  and  somewhat  Increases.  The  ability  of  SIO4  • 

tetrahedra  to  move  about  a  mean-position  under  the  Influence  of  temperature 
should  Increase  considerably  as  a  result  of  .the  weakening  of  ofie  of  the 
summits.  This  Is  also  demonstrated  by  the  value  of  osiO^*  The* partial 
coefficient  of  expansion  of  SIO^  In  a  complex  glass  Is  a  few  times  larger  than 
the  coefficient  of  expansion  of  free  glsissy  silica. 


,'"7^  ■ 

>  '  J 


Fig. 2.  Schematic  representation  of  the 
possible  effect  of  compression  of  a  SIO4 
tetrahedra  In  a  glass, 
a)  Q’-iartz  glass;  b)  quartz  glass  after 
Introduction  into  It  of  the  oxide  Me^O  or 
HeO, 


-  •  •  •  ■  .  •  With  further  increase  of 

..'O'.  ■  '  ■  the  amount  of  the  oxides  MesO 

■  ^  I  \  -  ■  ^  y  ^  and  MeO  In  .the  glass  above  33^i 

_ J *  fN.  second  summit  of  the  . 

y  I  tetrediedra  weakens,  then  the 

>  I  /  •  .  \  I  I  third,  and  finally  the  fourth. 

However,  such  structinral 

a  •  •  •  b  changes^are  little  reflected 

^  *  In  the  ggjQ^  values.  More 

Fig.  2.  Schematic  representation  of  the  strictly  speakl^  tUs  effect 

possible  effect  of  fcapressloa  of  a  SIO*  established 

.4,.  ,  a  -I  difficulty  because  the  errors 

\  ,  V?  °  1**  e«.  Introduced  Into  the  calculation 

_  b,  the  other  oxides  begin  to  . 

l^oductioa  into  It  of  tne  oxide  MenO  or  ^  predoml^t  role. 

.  ^102  ^  this 

..  -•  .  -  -•  cage  may  be  taken  as  constant. 

Taking  the  lav  for  change  of  as  Identical  for  all  silicate  glasses, 

we  have  arrived  at  the  saxae.coacluslo^  that  the  properties  of  the  SIO4 
tetrahedra  do  not  depend  bn  the  nature  of  the  cations  Me^'*’  sind  Me^^  contiguous 
with  the  single-bonded  oxygen  Ions.  This  assumption  is  near  to  the  truth 
relative  to  such  properties  as^the  refractive  Index  and  molar  volume  Inasfar  as 
the  total  change  of  eind  ts  small  (respectively  1.1  and  U.45&).  In 

relation  to  these  properties  our  ^sumptions  can  possibly  be  extended  even  to 
the  cations  Al®'*’,  Ti'*'*’  etc.  This  cannot  be  said  about  the  relative 

coefficient  of  expansion^.  However  It  Is  still  not  possible  to  express  In 


la  the  X-ray  Investigations  of  the  structure  of  glass,  apparently.  It  Is 
Impossible  to  obtain  direct  data  showing  differences  In  the  distances  mentioned. 
X-ray  analysis  of  glass  gives  information  only  about  the  average  state  but  has 
nothing  to  say  about  accurate  details  of  structure.  Differences  between  average 
eeparations  of  Si-0  In  8104  tetrahedra  (Figure  2  a  and  b)  lie  within  the  accuracy 
of  experiment  which  is  insufficient  to  decide  the  question.  Experiment  gives 
the  average  Si-0  distance  In  glasses  as  1.62  A  +  0.02A.  Such  experimental 
uncertainty  Just  about  covers  the  possible  effect  of  &  k'ft  compression  of  SIO4 
tetrahedra.  •  .  t 

However, in  general  crystal  chemistry,  the  shortening  effect  on  the  Interlonlc 
distance  examined  by  us,  although  manifested  only  under  definite  conditions,  has 
still  not  been  sufficiently  studied.  This  phenomenon,  according  to  Goldschmidt, 
is  an  example  of  *controlaricatlon*  or  ’second  polarization* . _ 


In  reality  strict  examination  of  the  position  of  the  points  in  Figure  1  shows 
that  even  in  relation  to  Vg^Q^  and  Nsi02  effect  of  different  cations  is 
different.  '  There  is  a  greater  diminution  of  Vgj^Q^  in  potassium  glasses  and  a 
scialler  one  in  lithium  glasses  (an  inverse  relationship  was  observed  for  NgiOfe)- 
These  facts  are  in  complete  concordance  with  oiu:  scheme,  explaining  the  .  . 

observation  by  the  compression  of  the  SiC4  tetrahedra. 


1037 


1 

i" 

■i 

■T 


I . 


'I 

■J: 

-i; 


ii 


quantitative  form  the  effect  of  the  nature  of  the  cation  on  the  properties 
of  SiOg  in  glass.  For  this  reason  the  possibility  of  theoretical  ^ediction 
•of  the  value  of  the  coefficients  calculated  from  Equation  (8)  is  • 

..  .lowered^  >!Rieir 'Practical  value  is  c^pletely  maintained. 

.  This  picture  of  the  change  of  structure  of  the  silicon-oxygen  skeleton 

•^.and'Of-  the  6104  tetrahedra  themselves  on  introduction  of  oxides  of  the  uni- 
and  divalent  elements,  as  described  by  us,  expresses  an  idealized  averaged 
state  of  the  systems,  taken  as  a  vhole.  For  example*,  instead  qt  the  initial 
formation  of  tetrahedra  with  one  veakened  summit  (this  corresponds  to  bi- 
.an tcates ) N-tetrahedra  vlth  tvo  veakened  summits  may  be  formed  immediately 
(this  corresponding  to  metal-silicates),  but  the  quantity  of  these  vould  be 
■  ..twice  aa  amall-k*  •  However,  these  complications  of  the  basic  process  can  be* 
neglected  in  making  generalized  correlations. 

*  Some  part  of  the  silica  and  other  components  of  glasses,  as  shown  by 
different  Investigators  (Akad.  A. A.  Lebedev,  E.A.  PoredL-Koshits,  H.A.Shishakov 
and  others)  may  be  found  in  the  form  of  crystallites-.  The  above  exposition 

.  of  the  state  of  Si04  tetrahedra  does  not  contradict  this. 

.  Thus,  the  graphical  material  presented  above  and  Equations  (6-8)  proposed 
by  us,  approximately  characterize  the  partial  properties  of  silica,  and  they’ 
have  not  only  a  knovd  experimental  significance  but  are  also  in  agreement  with 
definite  theoretical  ideas. 

However,  the  most  Important  results  of  our  investigation  involving  the 
introduction  of  other  oxides  into,  and  the  study  of  their  properties  in,  glass, 
are  the  conclusions  about  the  properties  of  silica  formulated  above. 

1)  It  has  been  shown  that  the  concept  of  partial  quantities,  reflecting 

the  partial  properties  of  components  In  solution’,  can  be  used  vlth  certain 
reservations  not  only  in  relation  to  extensive,  but  also  to  intensive 
properties  of  solutions  (glasses).  * 

2)  With  the  help  of  certain  simplified  observations,  and  averaging  of  the 
numerical  results  of  the  characteristic  properties,  simple  approximate  equations 
are  obtained  defining  the  partial  properties  of  SIO2  as  a  function  of  the  molar 
content  of  SlQg  la  the  glasses. 

3)  An  attempt  at  a  theoretical  interpretation  of  the  correlations  found 
has  been  made,  according  to  which  the  pkrtlal  properties  of  SiOz  depend  not 
only  on  the  concentration  of.  Si02  In  the  glasses  but  also  on  the  nature  of 
other  components  present.  However,  taking  into  account  the  fact  that  in  relation 
to  the  properties  examined  by  us  (excluding  the  average  coefficient  of  linear 
exi>ansloD.  a)  the  role  of  the  second  factor  Is  small  for  the  practical  aim  we 
have  in  mind  (calculation  of  properties  of  glasses  from  their  composition), 

it  can  be  concluded  that  the  proposed  equations  are  approximately  correct  for 
all  silicate  glasses. 
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viBEBARATIQH  OF  SODIUM  MAHGAHATE  AND  FERMANGAHATB  BI  ANODIC 
.  •  SOLOTICa  OF  METALLIC  KANGAHE^ 


B.  Im  Agladze  and  G.  M.  Domanskaya 


In  a  preylous  cocnunlcatlon  [1]  ve  presented  the  result  of  experiments  on 
the  anodic  solution  of  metallic  manganese  In  caustic  potash.  The  present 
COTnnunlcation  is  devoted  to  experiments  on  the  electrolysis  of  aqueous  solutions 
of  NaOH  ^d  Na2C03  vlth  manganese  anodes. 

The  known  method  of  preparing  sodium  permanganate  consists  In  fusing  RaOH 
vlth  pyroluslte  In  the  air  [2].  As  In  the  case  of  potassium  manganate^  In  this 
method  also  the  whole  quantity  of  MnOs  contained  In  the  pyroluslte  Is  not 
oxidized  to  sodium  manganate  [3]-  Good  results  have  heen  shown  by  an  electro¬ 
chemical  method  for  preparing  sodium  permanganate  based  on  the  oxidation  of 
solutions  of  manganate  [^]*  5ther  methods  of  preparing  sodium  permanganate  and 
manganate  are  met  vlth  In  the  literature  [3]* 


•  '  BXIERIMEHTAL  '  '  -  i 

The  set-up  which  ve  used  for  carrying  out  our  experiments,  as  well  as  the 
method  of  analysis  of  the  products  of  electrolysis,  were  described  by  us  In 
the  paper  In  which  the  results  of  experiments  vlth  potassium  solutions  were 
presented  [Ij.  Plates  of  electrolytic  metallic  manganese  containing  99»9^  Mn 
vere  used  as  anodes;  the  NaOH  and  the  KasCOa  were  technically  pure  materials. 
Sodium  manganate  was  obtained  In  strong  alkali  solutions  of  caustic  soda; 
sodium  permanganate  was  fcn^d  In  weak  NaOH  and  In  NasCOa  solutions. 

Effect  of  concentration  of  electrolyte.  In  table  1  are  set  forth  the 
results  of  experiments  made  to  elucidate  the  effect  of  caustic  soda 
concentration  on  the  anodic  solution  of  manganese'.  Examining  the  data  obtained 
ve  see  that,  at  an  anode  current  density  of  4  A/dm^,  a  change  of  the 
concentration  of  alkali  from  1.?  to  5^^  causes  almost  a  tenfold  Increase  in  the 
oxidizing  power  of  the  solution.  This  sharp  change  of  the  oxidizing  power 
was  observed  In  spite  -of  the  fact  that  the  oxidizing  power  of  the  permanganate 
Ion  [by  reduction  to  Hn(ll)]  relative  to  the  oxidizing  power  of  the  manganate 
Ion  Is  In  the  ratio  of  5/4  and  consequently,  the  oxidizing  power  of  a 
manganate  solution  obtained  In  concentrated  alkali  should  be  lower  than  In 
weak  alkali  solutions  containing  the  same  quantity  of  Mn  but  as  Hn  (VII). 
Consequently,  while  the  oxidizing  power  of  the  solutions  obtained  In  Experiments 
17  and  UL  are  In  the  ratio  of  l/lO,  the  quantities  of  mangeinese  (anode 
dissolving  In  2.2^  alkali  vlth  formation  of  Mn04*  and  in  vith  formation  of 
Hn04^“)  ar®  ill  the  ratio  of  l/l2.5«  .  . 

Plotting  the  data  of  these  experiments  as  a  graph  of  concentration  of 
electrolyte  against  Its  Qxldizlng  i)Ower,  we  obtain  a  series  of  curves  (Figure  1) 
which  indicate  a  continuous  growth  of  the  oxidizing  power  of  the  solution  with 
Increase  In  concentration  of  alkali.  It  should  be  noted  that  comparison  of  the 
data  obtained  vith  solutions  of  KOH  and  NaOH  showed  that  the  process  of 
oxidation  in  caustic  soda  Is  smoother  than  in  caustic  potash.  Thus,  In 
experiments  with  KOH  as  an  electrolyte,  after  passage  of  1  Ah  the  oxidizing 


pover  of  the  solutloa' obtained  vas  less  than  the  oxidizing  pover  of  the 
solution  after  a  simllhr  experiment  vith  BaOH  as  an  electrolyte^  but  thr&u^ 
vhich  0.6^5  Ah  vas  passed.  .  .  . 

...  •  K-  .  =■■  •  ■  ; 

.  TABIi  1  . 

Sffect  of 'concentration  of  electrolyte  on  the. process  of  anodic  solution  of 
sasganese-ln  solutions  of  HaOH 


Series 

16. 


Duration' 

Current 

of  expt. 

passed 

(in  iHins) 

(in  Ah) 

X  • 

Oxidizing 
power  of.; 
Cathode  the  product 
-  '  Cb^lhed' 

{in  of  0.1 
Ha2C204) 


The  results  of  experiments  -carried  out  with  solutions  of  KdsCQs  are  set 
forth  in  Table  2.  In  Figure  2  the  results  of  seven  of  the  experiments  reported 


in  the  Table  are  presented  graphically. 

4 


Pig.l.  Effect  of  copcentratlon  of  NaOH 
on  the  oxldlzli^  ppver  of  the  product 
ob!balned'. 

a)  Oxidizing  ix3ver  (in  ml  of  0,1  solu¬ 
tion  of  Ra2C204);  B)  concentration  Of 
KaOH(ln  ^).  Ij  Exi)eriEents  of  series  ' 
II;  2)  Series  III. 


Examination  of  the  data  of  this 
’.series  shows  analogies  vith  the  data 
obtained  with  solutions  of  K2CO3. 

Here,  using  an  electrolyte  of  moderate 
concentration,  the  current 
efficiency  vas  maintained  at  2U-285t. 

It  should  be  mentioned  that  when  we 
used  saturated  solutions  of  alkali 
carbonate,  crystallization  of 
permanganate  occ ’warred.  The  crystals 
collected  on  the  floor  of  the’  cell 
Sind  covered  part  of  the  anode. 

•  '  '  Effect  of  temperature.  The 
experiments  for  the  elucidation  of 
the  effect  of  temperature  were  carried 
out  with  45. 5^  KaOH  at  an  anode  c.d. 
of  7*1  A/dn^.  In  all  experiments  of 
this  series  solutions  of  sodium 


oanganate'  were  obtained  as  a  result  of  electrolysis  'WheTa  'the  temperature  rose 
from  10  to  95*  the  current  efficiency*  fair  'sodluur  manganate*  Increased  from  32.8 
to  38*2^  the  potential  across  the  bath  decreased  from  ^,2  Y  at  10*  to 
2.2  V  at  95*  •  Howenrr*,  raising"  the'  temperature  above  63**  cannot  be  recommended 
b^ause  the  rate- of  reduction*  oT  Hh’  (VT)  at  the.  cathode  Is  Increased  by  a  rise 
In  temperature  and'  the'  chemical'  decomposition  of  manganate  by  the  slime  and 
the  Impurities  contained  in  the* alkali' Is  also  accelerated.  With  elevation  of 
temperature  the-  quantity"  of^  slime'  also"  Increases .  The  appearance  of  a  larger 
quantity  of  slime  and  a  sharp  lowering  of  the  product  yield  (from  895&  at  65* 
to  655^  at  95*)  makes  the  expediency  of  using  a  higher  temperature  doubtful,  in 
spite  of  the  Improved  current  efficiency  and  the  Increase  la  the  quantity  of 
manganese  going  Into  solution,  as  well  as  of  the  quantity  of  manganate  formed. 


TABI£  2 


Effect  of  concentration  of  electrolyte  on  the  process  of  anodic  solution  of 

manganese  In  NasCOa  solutions 


Expt. 

Bo. 

Concen¬ 
tration 
X)f  Elec^ 
trolyte 
(in  i>) 

Voltage 

(V) 

Current 
pas&>fd 
(in  amp- 
hr) 

Quantity  of  Mn  (in 
g)  leaving  the 
anode  and  going? 

Current 

effic¬ 

iency 

for 

NaMn04 

(In 

Product 
yield 
(in  i) 

Consump¬ 
tion  of 
energy 
(In  kWh/ 
kgNaMn04) 

Into  so¬ 
lution  as 
NaMn04 

Into  the 
slime 

I 

26.0 

.ii—_ 

r 

6.75 

0.031 

0.007 

14.1 

80 

2 

21.5 

5.0 

0.059 

— - 

25.3 

— 

26 

3 

19.7 

4.9 

i 0.056 

— 

23.9 

•  — 

27 

4 

14.6 

4.8 

0.066 

0.008 

28.4 

90 

23 

5 

12.5 

4.3 

•  0.0 

0.060 

0.012 

25.8 

84 

21 

6 

10.0 

4.7 

0.062 

0.011 

26.6 

85 

23 

7 

3.^ 

7.2 

w 

0.032 

0.015 

13.6 

68 

70 

The  results  of  the  experiments  of  this  series  are  set  ^forth  In  Table  3» 
Froa  them  curves  have  also  been  constructed  end  are  presented  In  Figure  3* 


In  the  preparation  of  sodium  permanganate  by  the  anodic  solution  of 
electrolytic  manganese  In  solutions  of  Na^COa,  the  effect  of  temperature  was 
confirmed  by  us  In  two  series  of  experiments,  the  results  of  which  are  set  forth 


In  Table  4.  The  first  series  was  made  with  an  anode  c.d.  of  l4  A/dm^,  and 


Pig. 2.  Effect  of  concentration  of 
electrolyte  on  the  process  of  anodic 
solution  of  manganese  In  solutions 
of  Ra2C03. 

A)  C)jrrent  efficiency  (in  B)  product 
yield  (in  C)  concentration  of 

in  1)  Current  efficiency  for 
RaMn04  Ip’t  2)  product  yield  (in 


Flg.3«  Effect  of  temperature  on  the 
process  of  anodic  solutions  of 
manganese  In  NaOH. 

A)  Current  efficiency  (in  5);  B) 
energy  consumption  (in  kW-hr/kg 
Ra2Mn04);  C)  temperature  (in  *). 

1)  Consumption  of  energy  (in  kw-hr/ 
kg  Na2Mn04);  2)  cuiTent  efficiency 
for  (in  3)  product  yield 

if).  ‘ - 
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mm 
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TABI£  3. 

Effect  of  temperature  of  tiectrolyte  on  tke  procees  of  anodic  solution  of 

Bianganese  In  NaOH  '  »  .  . 

Current  density  at  the  anode  7«1  A/dm*,ia.t  ike  cathode  Jl  A/dm* 


Voltage 

Duration 

(V) 

of  expt. 

(in  mln^ 

• 

Current 

effic¬ 

iency 

for 

Ra2Mn04 

Product 

yield* 

32-.  8 

90.9 

30.5 

35.9 

35.8 

90  . 

34.2 

44.0 

87 

87 

49.6 

89 

58.2 

65 

tloft  if 
ihelcgy 
kw-hr/ 
kg  IIa2Mn04 


^  -  TABI£  k 

Effect  of  temperature  of  electrolyte  on  the  anodic  solution  of  manganese  In 
:  *  -  •  13%  Na2CQ3 

.  -  .  1.  ,  .  Duration  of  experiments:  60  minutes.* 


Expt. 

Ro. 


Voltage. 


Current  density^ 
(In  A/dm*)  * 


Anode  I  Cathode 


Current  Rroduct 
efficiency  yield 
for  R£LMn04  (in  %) 
(in  %) 


21-23 

52-55 

62-64* 

71-7J* 

82-84 

90-35^ 

18 

25 

35-39 

42 

59 

66-68 

75 

74-78 


solut¬ 
ion  as 
NaMnOn 

0.093 

0.107 

0.113 

0.082 

0.075 

0.079 

0.025 

0.044 

0.036 

0.044 

0.036 

0.635 

0.034 

0.025 


Into 

the 

slime 

0.015” 

0.019 

0.017 

0.015 

0.038 

0.004 

0.0036 

0.006 

0.005 

0.010 

0.008 

c  009 

0.011 


the- second  at  4.2-5  A/dia*.  In  both  cases  13%  Na2C03  solution  vas  used  as  an 
electrolyte.  When  working  at  temperatures  within  the  limits  l8-40*  a  current 
efficiency  of  28.5  to  24^  was  obtained.  Further  elevation  of  the  temperature 
lowered  this  efficiency  (17%  at  78*). 

When  the  temperature  Is  raised  the  product  yield  falls  fyonr  87%  at  I8*  to 
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'JCyft  at  7®*  ,  Siinilarly^  the  total  quantity  of  anodically  dissolved  manganes 
falls  and  the  quantity  of  slime  Increases  The  increase  of  the  quantity  of 
slime  formed  at  higher  temTCratures^eccurs  not*  only^.  at  the  expense  of  the  electro- . 
chemical  i4*oduction-x>f-«a^^  and  Mn*  ions',  hat'TBlso*  as  a  reault  Tof- th^*  chemical 
^composltion-of  permanganate  by  heat  In  alkali  solution. 

-  Thus,  15-^0*  should  be  taken  as  the  optimum  temperatures  for  the.  preparation 
pf-aodium  permanganate.  ‘ 

*  '  **  ..  * 

■  Effect  6T  current  density.  The  data  of  Table  5  show  the  effects  of  change 

of  anode  c.d.  on  the  process  of  electrolysis  in  KaOH.  We  varied  the  c.d. 

.fjrom  0.65  to  21.0  A/dm^ .  It  should  be  mentioned  that  at  the  relatively  small  c.d. 

..of-0.6l5  A/dm*  the  formation  of  sodium  manganate  is  rather  intense,  in  contrast 
•■with  the  rate  of  forpatlon  of  potassium  permanganate  (current  efficiency  27.5^).. 
At  .2  A/dm*  and  with  a  potential  of  2.87  across  the  cell  the  current  efficiency  ' 
increased  to  At  this  c.d.  a  smaller  c^sumptlon  of  energy  was  observed  ** 

5  fcv-hr/kg  of  sodium  manganate.  Further  Increase  of  the  c.d.  had  no  significant 
Influence  on  the  ciurrent  efficiency  (maximum  value  of  39.3^  was  observed  at  an 
anode  c.d.  of  5 *27  A/dm*),  buV  Increased  the  energy  consumption,  approaching  I6 
ky-hY  kg  manganate  at  a  c.d.  of  21  A/dm*.  , ,  ^  . 

T  \  ; '  -V  :  TABiz  5  .  ‘  •  '  I 

■  Effect  of  anode  c.d.  on  the  anodic  solution  of  manganese  in  hO^  NaOH. 

i  Duration  of  experiments:  . 

95  minutes. 


Expt. 

Temper- 

Voltage 

Current  density 

Yield  of 

Current 

Energy 

Ho. 

ature 

(In  V) 

(In  A 

Ha2MN04 

efficiency 

consumption 

(in  •) 

Anode 

Cathode 

(in  g) 

for  Na^MnOA 

(in  kw-hr  kg 

(In  i) 

HapMaO^) 

1 

2.2 

oTST" 

1.66 

0.027 

27.5 

7.6 

2 

2.4 

i  16 

1.06 

2.7 

0.040 

25.0 

9.6 

3 

2.8 

1 

2.04 

k.9 

0.104 

35.8 

5.0 

k 

3.3 

J 

2.6 

6.7 

0.159 

38.2 

8.2 

5 

3.8 

18 

5.27 

13.5 

0.322 

39.3 

9.5 

6 

4.4 

16 

7.7 

20.3 

0.480 

38.8 

11.0 

7 

4.7 

18 

10.5 

27.5 

0.623 

38.8 

12.0 

8 

5.2 

20 

13.2 

33.8 

0.756 

37.1 

13.9 

9 

5.3 

22 

15.8 

40.6 

0.879 

35.9 

14.5  • 

10 

5.9 

25 

21.0 

52.8 

1.156 

36.2 

16.0 

On  the  basis  of  this  series  of  experiments,  we  recommend  an  anode  c.d.  of 
2-5  A/dm*  for  the  preparation  of  sodium  manganate  by  anodic  solution  of  manganese 
In  RaOH.  .  .  •  .  ^ 


The  effect  of  change  of  anode  c.d.  on  the  jirocess  of  anodic  formation  of 
sodium  permanganate  was  also  studied  in  experiments  carried  out  with  15^  Ha2C03, 
at  anode  c.d*s  of  2.9-25  A/dm*  (Table  6  and  Fig.  Uj.  ^  raising  the  c.d.,  the 
current'  efficiency  was  raised  from  21.8^  at  2.9  A/dm*  to  51-55^  I7  A/dm** 

However,  the  potential  across  the  cell  Increased  from  3 •5  to  7»*»  V  auad  the  specific 
energy  consumptions  Increased  correspondingly.  In  experiments  carried  out  at 
25*  the  product  yield  was  90-95^^- 


Effect  of  the  ratio  of  surfaces  of  anode  and  cathode.  Table  7  contains 
results  of  experiments  carried  out  with  different  values  of  the  ratio  of  anode 
to  cathode  current  density.  These  experiments  on  the  production  of  sodium 
manganate  were  made  with  kl'fi  HaOH.  The  anode  c.d.  was  kept  constant  at  9  A/dm*, 


. .  ■  *  '•  •'-  -  V  •  ..  TABUS  6  ’  .  .  '  .  ■  .  '  • 

-.Effect  of  anode  c.d.  on  the  anodic  solution  of  manganese  In  HasCQs.  ' 

Duration  of  experiments:  60  minutes 


Expt. 

Ho. 

Temper¬ 
ature 
(in  •) 

Voltage 
(In  V) 

nn 

jum 

Current 
ef f lei  - 
ency  Itr 
RaHn04  ' 
(in  $) 

Broduct 
yield 
(in  « 

Consump¬ 

tion 

of 

energy  1 
Ev-hr/kg 
NaMn04. 

Cathode 

Into 

sol¬ 

ution 

as 

RaMnO* 

m 

I 

3.5 

2.9 

0.0128 

0.0016 

21.8 

88 

21.2 

•  2 

25 

4.8 

5.7 

13.3 

0.0302 

0.0030 

25.7 

91 

24.3 

3 

24 

6.0 

8.7 

20.7 

0.0470 

0.0033 

25.8 

96 

30.8 

4 

26 

6.2 

11.4 

26.6 

0.0620 

0.0040 

24.3 

94 

31.0 

5 

27 

7.2 

14.4 

33.0 

0.0920 

0.0081 

26.0 

92 

29.0 

6 

25 

7.4 

17.0 

40.0 

0.1110 

0.0060 

31.5 

95 

30.6 

7 

42-46 

4.5 

8.3 

25.0 

0.0330 

0.0080 

22.7 

81 

26.5 

8 

43-46 

4.7 

13.3 

40.0 

0.5700 

0.0047 

24.0 

90 

26.3 

9 

44-45 

— 

18.3 

55.0 

0.0830 

0.0130 

26.0 

87 

— 

10 

U3-47 

— . 

25.0 

75.0 

0.1300 

0.0130 

29.8 

91 

— 

vhlle  the  cathode  c.d.  In  each 
experiment  vas  changed  In  succession 
to  90,  26.6,  11.4  and  T.S  A/dm^. 

■Comparison  of  all  such  experiments 
of  this  series  (current  and  product 
efficiency,  specific  energy  consumption) 
leads  to  the  conclusion  that  the  best 
results  are  obtained  vhen  the  area  of 
the  anode  Is  three  times  that  of  the  . 
cathode,  l.e.  vhen  the  ratio  of  emode 
to  cathode  c.d.  Is  0.3-0. 4.  VHien  this  . 
Is  so  the  current  efficiency  Is  40.55^, 
the  specific  energy  constimptlon  is  12 
kw-hr/kg,  and  the  product  yield  Is  933t* 

Effect  of  separation  between  the 
electrodes  and  stirring  of  the  electro¬ 
lyte.  We  C8u:ried  out  4  experiments  with 
475^  NaOH  solution  at  different  Inter¬ 
electrode  distances  (Table  8).  An 
analysis  of  the  results  of  these  exper¬ 
iments  shows  that  with  Increase  in  the 
separation  of  the  electrodes  the  current  efficiency  Is  only  slightly  Increased; 
however,  this  Increase  did  not  compensate  the  Increase  In  energy  consumption,  due 
to  the.  Increase  In  the  resistance  of  the  electrolyte. 

The  results  of  three  experiments  to  find  out  the  effect  of  stirring  the 
electrolytes  and  rotating  the  .anodes  are  presented  In  Table  9»  The  data  of  this 
table  Indicates  that.  In  the  case  of  an  electrolyte  containing  NaOH,  the  effect  of  - 
mixing  the  electrolyte' Is  very  weak.  The  current  efficiency  Increases  altogether" 
by  1^  end  the  product  yield  by  2.5^. 


Fig.  4.  Sffrct^  of  anode  c.d.  on  the 
auiodlc  soiuiloh  of  manganese  In  Na2C03 
solutions. 

a)  Current  efficiency  for  NaMn04  (in 
B)  Consumption  of  electrical  energy  (in 
kv-hr/kg);  C)  anode  c.d.  (in  k/djsr) .  1) 
Current  efficiency  for  NaMn04  (in 
2)  energy  consumption  in  kw-hr/kg 
NaKn04). 
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•  .tabi£  7  ;  ■  •.••.■■ 

Effect  or  the  ratio  of  anode  to  cathode  c.d*  on  the. anodic  solution  of  manganese 

•  In  NaOH  . . .  _  . 

i  .  Durstlon  of  experiment:  1  hour.  Temperature:  l6*  •  :  *  .  •.  .T-  . 


Expt. 

Ho. 

Ratio  of 

anode  to 
cathode 

c.d. 

Current  density 
(in  A/dm^) 

. 

_ 

Current 
eff ic- . 
lency 
for 

Na2Mn04 

(in 

I^oduct 
yield 
(in  5&) 

Consumption 
of  energy 
(in  kw-hr/hg 
Ba2Mn04) 

Anode 

Cathode 

into 

sol¬ 

ution 

as  • 

Na2Mn04 

into 

the 

slime 

1 

0.10 

9 

90.0 

0.103 

5572 

92.0 

15.0 

2 

0.34 

9 

26.6 

0.109 

O.OOSi 

40.5 

93.D 

12.6 

3 

0.79 

9 

11.4 

1.090 

0.0127 

33.6 

88.0 

12.6 

4 

I.l8 

9 

7.6 

O.C^ 

0.0097 

35.6 

90.6 

10.5 

TABIE  8 


'Effect  of  separation  between  the  electrodes  on  the  anodic  solution  of  metallic 

manganese  In  SaOE 

•  Temperature:  24-27*.  Anode  c.d.  5*7  A/dm^,  cathode  c.d.  28  A/dn^ 


Expt. 

Ho. 

Distance 
between 
electrod¬ 
es  (in. 
cm) 

Duration 
of  dxper^ 
iment  (in 
minutes) 

Voltage 

(inV) 

Current  I 
efflc-. 
lency 
for 

Na2Mn04 
(in  i) 

Product 
yield 
(in  ^) 

Consumption 
pf  energy 
(in  kw-hf/kg 
Ha2t^D4  ) 

into 

sol¬ 

ution 

as 

Ha.^MnO^ 

into 

the' 

slime 

1 

5.2 

90 

5.8 

0.142 

35.0 

msjEm 

14.7* 

2 

3.5 

90 

5.2 

0.133 

0.0089 

34.2 

94.0 

16.0 

3 

2.2 

90 

4.9  • 

0.129 

0.0060 

32.0 

95.5 

15.0 

4 

0.8 

120 

4.4 

0.171 

— 

31.7 

— 

13.6 

Effect  of  duration  of  experiment.  In  Table  10  are  the  results  of  7 
ei^rlinents  carried  out  with  concentrated  (^0^)  RaOH  at  an  anode  c.d.  of  12.2 
A/^^,  The  quantity  of  electrolyte  In  each  experiment  of  this  series  was  30  nil. 
The  current  efficiency  for  experiments  lasting  20  minutes  was  54. 2^#  dropping  to 
44.6^  when  the  experiment  was  carried  on  for  two  hours.  It  should  be  noted  that 
these  experiments  were  ceurrled  out  under  -co.'ditions  in  which  the  electrolytes 
heated  up;  hence  the^  experiments  were  carried  out  at  46-55*-  is  possible  that 
at  this  temperature  there  was  a  partial  decomposition  and  cathodic  reduction  of 
the  manganate  formed.  .  ‘ 

Table  11  contains  results  of  an  analogous  series  of  experiments,  carried  out 
at  constant  temperature  (30*)  with  46^  NaOH  and  with  an  increased  qqantity  of 
electrolyte  (lOO  ml).  It.  Is  evident  from  this  table  that -although  some_  decrease 
of  the  current  efficiency  was  observed  between  the  first  and  second  hour,  the 
magnitude  of  the  current  efficiency  In  the  succeeding  7  hours  scarcely  changed, 
relative  to  a  small  decrease  In  the  product  yield. 
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Bdlution  of  mangane&e  in  47^  HaOH 


Duration 
of  elljef-i 
iment  (in 
Biinutes) 


Ka^in04 

obtained 


ectrolytlc  manganese  plates  ve: 
olytlc  manganese  would  be  diff: 
thickness  of  these  plates.  It 
Lese  by  electrolysis  from  an  al' 
•t  on  which  manganese  is  depcsi 
■s,  we  attenped  to  prepare  anodi 
,he  latter.  We  prepared  mangam 


TABLE  U  ;  : 

Effect  of  duration  of  exi>eriinent  on  the  anodic  solution  of  man{ 
-  Temperature  30*-  Anode  c.d.  7*5  A/da*.  Cathode  c.d.  20  A/dm' 


mese  in  46^  NaOH 
Voltage  3-^  V 


Deration  of  Q>aantity  of  Mn  (in  g)  lei 
experiment  *  the  anode  and  going; 

(in  minutes)  into  solution*  into  the 
as  Ha2Mn04  slime 


Product 
yield  (in 


Electrode 

Electro- 

Voltage 

C.d. 

(in 

Current 

Rroduct 

material 

lyte 

(In  V) 

A/dm^) 

(in  g)  leaving 
the  anode  cmd 
going: 

effic- 

ietiejr 

tor’ 

yield  (In 

i).  .. 

Anode 

Cath- 

into 

into 

NasMnDA 

‘  •-> 

. 

ode 

sol¬ 

ution 

.  the 
slime 

or 

NaMn04 

•  ■  ; 

as 

Na2Mn04 

or 

NaMn04 

(in 

-  •  --- 

*  ^ 


r  i.  ti  i 

’i-l- 

.  'i  1 

'^;ii 


•'•  •  .  ■  SOMMARX 

[l]  When  using  electrolytic  metallic  manganese  as  an  anode  no  passivation  of 
the  electrode,  vas  observed,  in  contrast  to  the  behavior,  of  ferromanganese  and  other 
.jaangainese  -allbya. 

.  .  .*<{2]  In  the  anodic  solutions  of  manganese  in  solutions  of  Na2CQ3  £ind  dilute 

^jsolutions  of  RaOH,  sodium  permanganate  vas  formed'  vhile  in  concentrated  solutions 
•  jof.Sai^  manganate  vas  formed, 

•  [3]  In  the  electrolysis  of  alkali  solutions  with  manganese  anodes,  apart  ftroo 
the  solution  of  manganese  as  confounds  in  vhich  it  has  a  high  oxidation  number,  a 
slime  is  formed  mainly  of  i&anganese  dioxide.  With  increase  of  the  concentration  of 
BaOH  in  the  electrolyte,  tfee  yield  of  Ra2Mn04  increases.  Best  results  for  the  yield 
of  lIa2Mn04  are  obtained  when  the  strength  of  HagCQa  in  the  electrolyte  is  10-15^. 

The  optimum  temperature  for  obtaining  sodium  manganate  by  electrolysis  of 
HaOfl  is  50-60*;  with  Increase  of  temperature  from  65  to  95*  the  current  efficiency 
Increased  from  49  to  but  the  yield  of  slime  sharply  Increased  as  well.  The 

quantity  of  the  anodic  manganese  going  into  the  slime  increased  from ‘11^  at  65* «  to 
35^  at  95*-  for  obtaining  NaMnO^  by  electrolysis  the  optimum  temperature  seems  to 
be  15  to  40*.  Further  elevation  of  the  temperature  lowers  the  current  efficiency  for 
permanganate  and  Increases  the  quantity  of  slime  formed. 

[5I  To  obtain  manganate  by  electrolysis  in  concentrated  NaOH  it  is  recommended 
t  that  the  anode  c.d.  should  be  between  2-5  A/dm^.  To  obtain  sodium  permanganate  by 
electrolysis  of  RazCQa  optimum  results  were  obtained  at  c.d's.  of  5-10  A/dm?. 

[6]  Decrease  of  the  surface  area  of  the  cathode  relative  to  that  of  the  anode 
in  an  electrolyte  containing  caustic  soda  Increased  the  current  efficiency,  for . 
manganate.  With  carbonate  solutions  and  formation  of  permanganate,  change  of  the 
ratio  of  surface  areas  of  cathode  to  anode  did  not  have  much  effect. 

[7l  A  small  increase  of  current  yield  for  manganate  and  permanganate  was 
observed  when  the  electrolyte  was  stirred,  and  when  .the  distance  between  the 
electrodes  vas  increased.  .  .... 

*  ^[8]  To  obtain  sodium  and  potassium  manganates  and  permanganates  by  anodic 

solution  in  alkali,  not  only  may  plates  of  electrolytic  manganese  be  used,  but  also 
castings  obtained  by  fusion  of  electrolytic  manganese. 

[9I  It  is  possible  to  obtain  RaMn04  and  Ra2Mn04  by  electrolytic  solution  of 
metallic  manganese  with  an  enargy  consumption  of  4-6  kw-hr/kg  Ka2Mn04  in  RaOH  solutions 
and  20  kw-hr/kg  RaMn04  in  solutfons  of  NasCOa  with  a  product  yield  for  mangemate  of 
80-95^  and  a  current  efficiency  of  '^0-^Q‘f)  for  solutions  of  RaOH  and  20-32^  for 
solutions  of  RagCOa. 
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■  V:'  .  '.MBCHAHISM  OF  GROWTH. OF  PRYSTALS  OF  SODIUM  BICARBONATE  * 

'  .r  /:  ;  Ta.  B.  Goldshteln  *  • 

The  i&aln  aim  In  the  process  of  carhonatlon.  of  ammoniacal  liquors  Is  to 
obtain  sodium  hlcarbonate  crystals  of  definite  size  and  form,  easily  filtered 
and  vashed  free  of  the  mother  liquor.  In  previous  communication  [l],  the 
process  of  crystallization  was  examined  ftom  the  point  of  view  of  Its  kinetics, 
leaving  aside  Its  relation  to  the  properties  of  the  crystals  obtained.  ‘  The  present 
communication  Is  devoted  to  the  elucidation  of  the  means  of  obtaining  bicarbonate 
having  the 'desired  properties.  .... 

Carbonatlon  coltnnns ,^e  the  seat  of  rather  Intense  action,  end  crystallization 
proceeds  In  them  at  a  considerable  rate.  FSrom  the  point  of  view  of  the  production 
of  crystals  at  a  definite  rate,  what  should  be  known  Is  the  quantity  of  substance 
which  can  separate  from  the  given  solution  in  xmlt  time  under  conditions  which 
guarantee  the  formation  of  crystals  of  specified  size  and  shai>e.  *  In  order  to  secure 
regular  and  rapid  crystallization.  It  Is  necessary  to  Investigate  the  kinetics  and  the 
mechanism  of  growth  of  bicarbonate  crystals.  It  should  be  observed  that  deter¬ 
mination  of  the  course  of  a  crystallization  by  calculation,  based  on  the  assumption 
that  growth  occurs  simply  from  a  number  of  Initially  formed  crystallization  centers, 
is  not  possible,  as  Is  also  the  case  In  the  majority  of  technical  processes,  because 
the  basic  factor  In  the  growth  of  crystals  Is,  as  .Is  shown  below,  the  clustering 
together  of  Individual  crystals.  ^  \  •  .  .. 

EXPERIMFJrPAL 

Influence  of  the  super saturation  on  the  size  of  the  crystals .  In  the 
previous  communication  [1]  data  about  the  kinetics  of  the  development  and  elimination 
of  supersatuuration  were  reported.  Together  with  .the  extent  of  the  super  saturation, 
the  size  of  crystals  of  bicarbonate  was  observed  in  parallel  experlmeqts  by  means  . 
of  a  microscope  with  a  magnification  of  l6o.  The  size  of  the  crystals  was  measured 
with  an  ocular  micrometer,  • 

In  Fig.l  are  set  forth  some  more  characteristic  forms  of  crystals  of  sodliaa  - 
bicarbonate,  observed  both  under  laboratory  and  plant  conditions.  As  a  rule  the 
bicarbonate  crystals  formed  are  Spindle-shaped  and  are  tapered  at  both  ends 
(a). In  carbonatlon  towers  such  crystals  are  rarely  met  with,  and  only  In  the  Initial 
stages  of  crystallization.  They  predominate  In  towers  producing  purified  bicarbonate 
and  approach  large  dimensions  (150-200^).  After  the  beginning  of  massive  crystal¬ 
lization  under  laboratory  conditions,  long  prismatic  crystals  with  blunt  ends  cLre 
observed,  (b).  They  are  frequently  met  with  In  plant  towers.  The  width  (diameter) 
of  such  crystals  grove  continuously  during  carbonatlon,  and  they  gradually  convert 
Into  the  so-called  **" barrels ",(c) .  The  larger  these  'barrels*',  and  the  smaller  the 
.number  of  crystals  of  the  other  form  and  of  fine  crystals,  the  'better"  the  .bi--. 
carbonate  from  the  Industrial  point  of  view.  Very  large  crystals,  however,  are. 
also  undesirable,  as  they  behave  worse  on  filtration.  The  width  of  the  •barrels" 
is  about  equal  to  their  height,  •  •  .  '  ' 

"  Sheaves"  of  crystals  are  frequently  observed,  heavy  In  the  middle  (d),  and 
still  more  frequently  nodules  (e)  -  stellate  aggregates  of  crystals.  Very  fine 

')  Communication  III  on  the  Study  of  the  Theory  and  Practice  of  the  AmnonlarSoda 
^^ess. 
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rr/stals.  (usvially  aclctilar)  form  aggregates  of  Indeterminate  shape  -  floes,  vblch 
ve  term  "aggregated  fines"  or  Just  "  fines”.  ^ 

.In.TShle-I-are  shovn  the  characteristics  of  crystals  obtained  in  exx>erlments 
^reported  In  Table- 6  -of  the  previous  paper  [ij.  In  these  experiments  carbonatlon 
..proceeded-  for  only  ten  minutes  after  the  start  of  Intensive  crystallisation 
.  .(after,  the  ‘‘appearance  of  turbidity”).  It  can  be  seen  from  the  third  column 
ot  the  table  that  In  this  period  6-30  n.d.  of  bicarbonate  was  precipitated. 
jre_recall  that  the  total  quantity  of  bicarbonate  precipitated  by  carrying  the 
^reaction  right  to  the  end  Is  68-73  n.d.  (1  Normal  Division  =  l/20  g.-equlv.). 

In  the  fourth  column  of  the  table 
^s. given  the  change  of  the  extent  of  .  _ 

-superaaturatlon  In  the  course  of  ten 
-minutes  carbonatlon  after  the  appear- 
-ance  of  turbidity  [l].  The  (+)  sign  ^  a 

Indicates  an  Increase^  and  the  (-)  /  /)  ^  Q  \ 

.sign  a  decrease.  In  the  super  satxir  at  Ion  /  V  y  %  B  f\ 

.to  this  period.  This  column  demonstrates  /  ’  \ 

the  close  connection  between  the  dynamics  i  I 

^Jtxf  the  change  of  supersaturation  with  the  |  M  '  •  '  '  I 

.size  of  the  crystals.  Coarse  crystals  I  ^  ^  .  .  I 

-  were  obtained  only  when  the  supersaturation  V  .  ir*  / 

tocr eased  during  crystallization;  when  It  \  ^  j 

fell,  they  were  small.  This  Is  explained  \  ^  / 

by  the  fact  that  the  degree  of  supersat-  '  \  *  IS'I  / 

uratlon  after  the  initiation  of  crystal- 
llzatlon  Increases  only  at  small  rates 

of  carbonatlon,  while  crystallization  ^ 

starts  (but  very  slowly)  at  a  small  •  • 

degree  of  super  saturation.  The  larger  ,  Fig.  1.  I^pi-cal  forms  of  sodlvim 

the  degree  of  supersaturation  at  the  bicarbonate  crystals. 

mc»ient  of  commencement  of  crystallization.  See  text  for  description, 

the  more  rapid  Is  the  latter  and  the 
I  greater  the  fall  of  supersaturation  to 

ten  minutes.  It  Is  clear  that  in  this  case,  as  was  also  shown  by  observation, 
a  larger  number  of  crystallization  centers  and  a'  poorer  growth  of  crystals  Is 
obtained. 

TABLE*  1  ' 


Influence  cf  Rate  of  Carbonatlon  and  Temnerature  on  the  Size  cf  Crystals 


Fig.  1.  IVplcal  forms  of  sodlvim 
bicarbonate  crystals. 

See  text  for  description. 


Character  of  crystals 


The  super  saturation,  determined  by  our  method.  Is  the  sum  of  the 
crystalllzatlonal  and  the  *  reaction"  super  saturation  »  the  latter  covering  ' 
the  conversion  of  ammonium  carbamate  to  carbonate.  The  equlllbrius  between 
carOamate  and  carbonate  is  continuously  displaced  towards  a  decrease  in  the. 
ratio  .y.  carbamate  CQg  ;  The  conversion  goes  slowly  right  up  to  the 
-  *  total  CO2  * 

critical  point  (llO^  carbonation)  at  which  both  the  rate  of  attainment  of 
equilibrium  end  the  rate  of  its  displacement  increase  sharply. 

In  order  to  get  the  minimum  number  of  seeds  it  is  necessary  to  carbonate 
at  such  a  rate  that  up  to  the  critical  point:  1)  the  crystalllzatlonal  super¬ 
saturation  accximulates  to  an  extent  sufficient  to  start  crystallization  after  a 
short  induction  period,  and  2)  a  sufficient  quantity  of  bicarbonate  crystals 
(seeds)  separates.  In  this  case  the  rapid  formation  of  bicarbonate  at  the 
critical  point  cannot  create  such  a  dangerous  crystalllzatlonal  super saturation, 
at  which  the  rate  of  separation  of  bicarbonate  exceeds  the  quantity  which  can  be 
crystallized  onto  the  crystals  which  have  already  separated  out  earlier. 

The  growth  of  super  saturation*' observed  by  us  after  the  Initiation  of 
crystallization  is  related,  apparently,  not  to  the  crystalllzatlonal  super  saturation, 
but  to  the  accumulation  of  an  excess  of  carbamate  above  the  equilibrium  quantity. 

The  conv^slon  of  thlt  excess  carbamate  to  carbonate  and  the  subsequent  exchange 
reaction  (  metathesis)  involving  the  formation  of  sodima  bicarbonate  always  con¬ 
tinues  after  the  withdrawal  of  the  sample. 

The  true  crystalllzatlonal  supersaturation  at  the  moment  of  withdrawing  the 
sample  may  be.  determined  by  a  short  period  of  Intense  stirring  of  the  saunple  with 
a  large  quantity  of  seed  crystals.  Separate  experiments  of  this  nature,  reported 
in  the  previous  paper  [1],  shoved  that  the  true  crystalllzatlonal  super  saturation 
usually  does  not  exceed  6-8  n.d.  '  •  ... 

If  the  process  of  carbonation  is  conducted  at  such  an  intensity  that  spon¬ 
taneous  crystallization  only  starts  at  the  moment  the  critical  point  is  attained, 
i.e..when  the  super  saturation  is  of  the  order  of  I8-25  n.d.,  then  the  crystal¬ 
lization  proceeds  at  an  enormous  rate,  resulting  in  the  formation  of  many  fine 
crystals. 

The  experimental  data  set  Out  above  permit  the  quantitative  fixing  of  the  . 
limiting  permissible  rates  of  carbonation  at  the  initiation  of  crystallization. 

Table  1  refutes  the  frequently  expressed  opinion  that  at  lower  temperatures 
poor  crystals  eire  bound  to  be  formed.  Coarse  crystals  can  be  obtained  at  any 
temperature  by  advancing  the  normal  rate  of  crystallization  (carbonation).  At 
a  carbonation  rate  of  0.2  liter /min,  coarse  crystals  were  obtained  at  all  three 
temperatures,  although  only  y-Q  n.d  of  bicarbonate  were  precipitated.  The  number  . 
of  initial  centers  was,  consequently,  very  small  and,  we  may  add,  thou^  this  is 
demonstrated  better  below,  the  conditions  of  carbonation  favor  the  adherence  of 
crystals  to  one  another. 

At  a  rate  of  carbonation  of  0-5  liter  of  COz/mln,  quite  satisfactory  crystals 
were  obtained  only  at  6o*.  At  45*,  side  by  side  with  relatively  large  crystals 
there  were  also  fines,  and' at  30*  fines  predominated.  The  quantity  of  bicarbonate 
precipitated  was  equal  to  15rl8  n.d. 

.  At  the  maximum  rate  of  carbonation  of  1  liter /min,  only  fines  .were  formed 
at  30  and  45*,  while  at  60*  there  were  small  crystals  and  fines.  The  length  cf 
the  fine  crystals  was  ^3M',  the  width  about  1  .  These  crystals  in  email 


Quantity  stick  to  large  crystals^  giving  brushlike  forms^  vhlch  are  also  rorned 
In  larger  quantity  by  independent  accumulation. 

All  the  crystals  vlth  the  exception  of  the  fines  were  prismatic,  with  blunt 
ends.  .  J  .  .  ^  *  '  * 

In  the  laboratory  tower  vlth  disc  nozzles  carbonatlon  was  conducted  at  still 
higher  rates  <3  liters  of  CO2  per  min) .  In  this  case  for  example  at  30*  during 
the  period  of  precipitating  30  n.d.  bicarbonate,  only  fine  crystals  of  length  ' 

2-4  /I  were  obtained.  Such  a  deposit,  even  after  dehy^atlng  with  alcoho  still 
stuck  together  In  clumps.  At  45*  also  many  such  fine  crystals  were  obtained,  but 
a  part  of  the  crystals  attained  a  size  of  20>JL.  At  60*  the  deposit  was  friable,  the 
size  of  the  crystals  55-60)1.  Consequently,  coarse  crystals  may  be  obtained  without 
difficulty  at  rates  exceeding  those  attained  In  Industrial  carbonatlon  towers. 

The  data  reported  permit  the  rough  calculation  of  the  permissible  rate  of 
crystallization  of  bicarbonate  during  the^ Initial  period  of  Its  precipitation: 
at  30*  It  Is  0.7  n.d/mln,  at  45*  1  -  1.2  n.d. /min,  and  at  6o*  It  Is  1.8  n.d. 

-  Effect  of  stirring  on  the  growth  of  crystals.  As  In  the  experiments  described 
above,  and  In  those  In  plant  columns,  stirring  of  the  suspension  during  the  time 
of  reaction  Is  achieved  by  brisk  circulation  of  the  gas.  When  the  quantity  of  gas 
passed  per  unit  time  Increases,  not  only  Is  the  carbonatlon  accelerated,  but  also 
the  suspension  Is  better  stirred. 

To  elucidate  separately  the  role  of  mixing,  separate  experiments  were  carried 
out  In  a  vessel  vlth  a  frame  stirrer.  It  was  shown  that  at  200  rpm  only  fine 
aclcular  crystals  were  obtained  even  at  the  minimum  rate  of  carbonatlon  of  0.2 
llter/mln  at  30*  and  0.5  liter /min  at  6o*.  Consequently,  Intensive  stirring  prevents 
the  formation  of  coarse  crystals.  We  shall  return  to  this  question  latter.. 

Introduction  of  seed  crystals  as  a  method  of  studying  the  process  of  crystal¬ 
lization.  The  possibility  of  diminishing  the  quantity  of  crystallization  centers, 
formed  during  the  initial  period,  by  Introducing  "seeds"  is  generally  known.  Their 
application  to  the  ammonia-soda  process  was  studied  by  Pavlov  and  Dubrovlna. 

j  This  work  showed  that  there  Is  a  definite  positive  effect  of  seeds  (bicarbonate 
crystals)  on  the  quality  of  the  crystals  obtained,  but  neither  the  q\iantltatlve  aspects 
of  this  phenomenon,  nor  Its  mechanism,  nor  the  practical  form  of  Its  utilization 
were  worked  out.  *  - .  *  . 

Instead  of  the  term  "seeds"  which  usually  refers  to  Individual  crystals. 
Introduced  Into  strongly  supersaturated  solutions  to  create  spontaneous  crystalllzatioi 
In  it,  we  would  prefer  to  use  the  more  correct  term,  "crystallization  supports, " 
because  the  mode  of  action  of  the  crystals  Introduced  Is  basically  as  supports  on 
vhlch  the  crystallization  occtirs. 

The  answer  to  the  question  as  to  whether  In  general  crystal  supports  are 
necessary  for  the  production  of  coarse  crystals,  provided  by  the  experiments  described 
above  as  well  as  by  general  plant  experience.  Is  In  the  negative.  In  our  Investigation; 
crystal  supports  have  been  widely  used,  but*this  has  been  done  not  as  an  end  In  itself, 
but  as  a  method  of  studying  the  process  of  crystallization  and  of  determining  the 
rate  of  growth  of  crystals  of  bicarbonate. 

In  the  course  of  carbonatlon  the  amount  of  precipitated  bicarbonate  continuously 
Increases.  In  parallel  with  this,  due  to  the  fall  In  the  pH  of  the  solution,  there 
is  a  fall  in  the  rate  of  absorption  of  CO2,  and  consequently  In  the  rate  of  prec¬ 
ipitation  of  bicarbonate.  The  conditions  of  crystallization  continuously  change 
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for  the  better.  The  conditions  of  experiment  should  exclude  the  effect  of 
these  changes.  In  experiments  described  and  reported  belov,  the  following 
factors  were  changed:  the  rate  of  formation  of  bicarbonate^  the  temperature  and 
the  quantit/  of  the  crystal  supports. 

.  V. 

The  rate  of  formation  of  bicarbonate  may  be  changed  in  three. ways:  a)  by 
changing  tlie  rate  at  which  CO2  is  passed  through  the  solution^  l.e.^  by  changing 
the  absorbing  surface^  b)  by  changing  the  surface  of  absorption  by  changing  the 
diffusers,  the  form  of  the  vessel,  etc;  and  c)  by  utilizing  the  fall  in  the  rate 
of  absorption  with  the  progress  of  the  operation  itself  -  change  in  the  pH  of 
the  solution.  Within  the  experimental  limits  we  utilized  the  first  method  and  in 
part  the  second.  In  the  given  case  they  were  useless,  because  they  changed  the 
conditions  of  agitation  which  affected  the  growth  of  crystals.  Hence  the  third 
method  was  used.  For  the  experiments  solutions  were  used,  previously  carbonated 
to  different  pH*s  (  i.el  different  degrees  of  carbonatlon)  and  the  precipitate 
of  bicarbonate  separated  fjrom  them  after  standing  for  two  days.  The  composition., 
of  the  solution  in  the  tables  is  characterized  by  the  quantity  of  combined  ammonia 
(equivalent  to  the  bicarbonate  precipitated).  A  solution  with  0  n.d.  corresponds 
to  825^  carbonatlon.  ■  , 

The  carbonatlon  was  carried  out  in  glass  tubes.,  of  diameter  ^0  mm,  passing 
CO2  through  at  1.1  liter /min.  Samples  of  the  deposit  were  filtered  off  Inmediately 
after  interrupting  the  carbonatlon,  a  micro  vacuum  filter  being  used  for  thic 
purpose:  the  crystals  were  washed  in  succession  with  saturated  bicarbonate,  alcohol 
and  ether. 

•  •  ^  •  k’ 

As  a  crystal  support  coarse,  uniform,  spindle  shaped  crystals  taken  fi'om 
columns  working  on  technically  purified  bicarbonate  were  employed,  about  I50  ^ 
long. 

The  basic  objective  of  the  experiments  was  to  find  out,  by  systematically 
increasing  the  amount  of  support  crystals  ,  the  minimum  quantity  of  them  at  which 
all  the  crystallized  bicarbonate  crystallized  on  the  supports  ,  and  no  new  centers 
of  crystallization  were  formed. 

The  experimental  data  is  set  out  in  Table  2.  By  comparing  the  first  and 
second  columns  of  the  table  the  quantity  of  bicarbonate  can  be  seen,  and  the  7th 
column  gives  the  amount  of  super saturation  accumulated  during  the  same  period  of 
time.  The  duration  of  the  process  of  crystallization  reported  in  the  4th  column 
permits  a  calculation  of  the  actual  rate  of  crystalllzatlca  of  bicarbonate,  which 
Is  given  in  the  8th  column. 

Table  2  shows  that  for  any  temperature  such  a  quantity  of  supports  may  be 
selected  as  will  make  crystallization  at  high  rates  possible  without  the  formation 
of  new  centers  of  crystallization.  Neglecting  experiments  in  which  fine  crystals 
vere  formed,  the  rate  of  crystallization  at  a  given  temperature,  in  which  the 
only  process  is  the  growth  of  the  supports  Introduced,  can  be  'established.  It 
should  be  observed  that,  by  diminishing  the  size  of  the  support  crystals, 
s  smaller  weight  can  be  employed,  because  what  is  of  importance  is  their  surface  - 
and  not  their  actual  weight.  The  surface  of  the  crystals  Increases  in  inverse 
proportion  to  their  equivalent  radius. 

In  a  number  of  cases.  Increase  of  the  quantity  of  supports  increases  the  * 
rate  of  absorption.  This  is  particularly  clear  at  45  a.nd  60*.  It  is  evident 
that,  by  accelerating  the  dispersal  of  the  super  saturation,  increasing  the  amount 
of  support  crystals  ensures  the  separation  of  ECO3  Ions  from  the  solution, 
vhlch  simultaneously  raises  the  pH  of  the  solution  and  its  absorptive  capacity. 

At  45*,  even  at  the  rate  of  crystallization  of  1.5  n.d,,  no  difficulty  is 
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Role  of  Quantity  of  Support  Crystals 
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Support  crystals 
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12.0 

7.3 

0.6 

Support  crystals  increased 
in  site 

;  21.  '6 

28.0 

38.4 

15 

5 

6.4 

10.4 

0.45 
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5 
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10 
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0 
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30 

30 
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15 
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15  • 

10 

8.2 
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No  fines 

Fines  precipit^rted 
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Did  not  succeed  in  proving 
fine  crystals 
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encountered  in  getting  large  crystals.  At  6o*  the  task  is  sd  much  easier  that 
it  is  not  necessary  even  to  prescribe  a  limiting  rate  of  crystallization  in  the 
presence  of  support  crystals. 

'  From  the  data  of  Table  2  the  mlninum  quantity  of  crystal  supports  necessary 
to  prevent  the  fci*natlon‘  of  new  crystallization  centers  at  different  temperatures 
and  rates  of  crystallization  can  be  calculated.  The  results  of  these  calculations  • 
are  set  forth  in  Table  3*  •. 

•  The  data  of  Table  5  havebeen  utilized  fur  the  construction  of  diagrams  (Fig.  2). 
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Klnlmum  (Quantity  of  Support  Crystals,  Hecessary  to  Prevent  the  Formation  of  Hew 

Centers  of  Crystallization 


Temper-  Rate  of  Quantity  Quantity  of  Duration  Final  super-  ' 

ature  crystal-  of  sup-  hound  ammonia  of  car-  saturation 

(in  *C}  lizatlon  ports  in  initial  honation  (in  n.d.)  - 

of  NaBCOa  solution  (in  min)  .  ‘ 


0.6 

50 

0 

20 
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0.48 
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16.4 

15 

10.4 

0.43 
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21.6 

15 
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0.38 
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34.4 
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0.^ 
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49.8 
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3.0 
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30 
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30 
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0.53 

10 

21.2 

15 

7.4 

0.17 

5 

50 

30 

3.2 

0.95 

10 

0 

.  30 

3.0 

1.14 

20 

0 

30 

1.2 

0.8 

5 

21.6  ' 

15 

5.2 

0.75 

0 

0 

30 

7.8 

On  the  ordinate  axis  are  plotted  the  hound  ammonia  contents  jj7H4Cl)  in  the  InitiaL 
solution  subjected  to  ceurhonation,  vhile  the  other  axis  is  divided  in  units  .of 
quantity  of  support  crystals.*^ The  method  of  using  the  diagram  is  hest  illustrated 
hy  the  following  example.  If  ve  have  a  solution  with  20  n.d.  hound  ammonia,  then 
the  deposit  will  likewise  contain  20  n.d.  sodium  hicarhonate  (in  the  course  of 
the  carhonation  of  an  acmoniacal  liquor).  This  quantity  of  hicarhonate  as  supports 
is  not  sufficient  to  prevent  the  separation  of  fines  at  30*  •  order  to  find  the 
quantity  of  supports  necessary  and  consequently  also  the  amount  of  hound  ammonia^ 

(so  long  as  supports  are  not  introduced  :^om  outside^  these  quantities  are  always 
equivalent,  a  point  on  the  30*  curve,  must  he  so  located  that  the  perpendi¬ 
culars  drawn  from  it  to  the  ahsclssa  and  ordinate  axis  cut  off  equal  intercepts 
on  both.  These  Intercepts  indicate  the  '  ’  . 

degree  of  carhonation  of  the  solution^  '  -  * 

above  which  there  will  he.no  further 

formation  of  new  centers  of  crystal-  "  N 

lizatlon.  At  30*  this  is  22.5  n.d.  .  \  ‘  ^  .  * 

bound  ammonia,  at  ^5*  and  at  60*  *■'*  • 

approximately  5  n.d.  hoxind  ammonia.  \ 

The  region  to  the  left  of  the 

curves  is  that  in  which  the  carbon-  .  -  j 

atlon  always  Involves  the  formation  \  1 

of  new  centers,  while  the  part  to  the  ’  .  \ 

right  of  the  curves  is  the  zone  in  o  “• 

vhlch  all  the  hicarhonate  precipitated  d  lO  io  JO  4o  ^  i 

grows  on  the  crystals  already  present  -  I 

In  the  solution.  Fig.  2.  Quantity  of  crystal  supports 


In  our  experiments  the  crystal¬ 
lization  (carhonation)  vent  on  for 
example  at  the  same  velocity  as  the 
average  rate  in  plant  columns,  hence 
the  data  cay  be  ’directly  used  for 
Industrial  calculations.  It  should  he 


Fig.  2.  Quantity  of  crystal  supports 
requisite  to  prevent  the  formation 
of  new  centers  of  crystallization.  ’ 

A  -  Quantity  ofNH4Cl  in  the  initial 
solution  (  in  n.d.);  B  -  quantity  of 
supports  (in  n.d.).  1  -  30*,  2  -  ^5** 
3  -  60*. 
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■borne  In  mind  that  the  support  crystals  In  our  experiments  were  coarse.  In 
plant  columns  the  crystals  grow  continuously  and  at  the  beglnlng  somewhat  fewer 
supports  are  required  than  are  given  by  calculation^  and  at  the  end  som^hat 
more.  Our  data  cannot  therefore  be  taken  as  absolutely  accurate,  but  we  cannot 
say  how  exact  they  are  because,  as  we  shall  see  below,  the  rate  of  carbonatlon 
in  industrial  columns  is  not  constant,  because  of  the  continuous 
change  In  the  CQa  partial  pressure.  The  accuracy  of  all  these  figures  is  suffi* 
dent  for  Industrial  needs. 

!  Average  rate  of  erowth  of  the  boundaries  of  bicarbonate  crystals.  A  number 


of  conclusions  can  be  ^avn  from  our  results,  and  in  particular,  the  average 
linear  rate  of  growth  of  the  crystal  boundaries  at  different  temperatures  at  6-8 
n.d.  can  be  calculated.  For  this  certain  assumptions  must  be  made. 

Vlth  dimensions  of  the  spindle  shaped  crystals  as  l^OjX  In  length  and  8o^  In 
maximum  width,  the  surface  of  1  n.d.  of  supports  can  be  roughly  calculated  Ih  the 
following  manner.  The  surface  of  one  crystal  Is  6.1  *10^11.^;  The  volume  of  one 


crystal  Is  9*6  and  the  weight  1.16^9^6*10^  ^  2  07*10  *  g 

corresponds  to  h»2  g  and  therefore  contains  2.03*10®  crystals,  having  a  total 
surface  of  12.1*10^®^*,  or  1210  cm®*  •  ,  . 

FTcmi  the  data  of  Table  3  It  follows  that  at  30*  in  the  presence  of  10.  n.d. 
supports,  crystallization  can  occur  at  0.4  n.d. /min.  0.4  n.d.  has  the  volume  of 

Q  If*  *  2^  2 

'‘2’^^ * '  =  0*78  cm®.  Hence  the  average  linear  rate  of  growth  of  the  crystal 

boundaries  of  sodium  bicarbonate  will  be  O.78:  12100  *  6.4*icr®,  or  6.64}t/mln. 

In  this  way  we  f^d  at  45*  a  rate  of  growth  of  0.85jJ-,  and  at  6o*  one  of  2.0|t/mln. 
These  are  minimum  rates:  they  can  possibly  be  larger,  but  with  the  risk  of  formation 
of  new  crystallization  centers. 

The  rate  of  growth  of  the  separate  boundaries  of  the  crystals  Is  different. 

They  grow  more  rapidly  in  a  longitudinal  than  In  a  transverse  direction.  Hence 
at  60*  the  axial  rate  of  growth  of  the  crystals  Is  not  less  than  6“8jx/mln,  (count¬ 
ing  the  rate  of  growth  of  both  sides).  Our  observations  showed  that.  In  practice, 
in  the  initial  period  of  slow  crystallization  the  spindle  shaped  crystals  grow 
axially  by  80  )UL  l.e.  a  rate  of  growth  of  10-12 )LJ^/mlnute .  Taking  Into  account  the 
arbitrary  nature  of- a  number  of  our  assumptions,  the  agreement  between  the  results 
may  be  taken  as  completely  satisfactory. 

Limiting  intensity  of  crystallization  In  carbonatlon  towers.  The  crystallization 
In  carbonatlon  towers  begins  at  60®.  At  this  temperature,  and  at  a  rate  of  formation 
cf  0.75  n.d. /min,  crystal  supports  are  quite  unnecessary  as  follows  from  Table  2. 

In  plant  columns  the  zone  of  high  temperature  occupies  a  length  of  4.4  meters. 

In  this  zone  28  n.d.  bicarbonate  actually  comes  down.  Calculation  shows 
that  the  time  of  residence  of  the  liquor  In  this  zone  Is  30-40  minutes.  The  average 
rate  of  crystallization  is  therefore  0.7  n.d. /min,  l.e.  It  Is  less  than  the 
permissible.  •  . 

At  45*  It  Is  necesseury  to  have  30  n.d.  of  supports,  in  order  to  crystallize 
at  1.3  n.d. /min.  In  the  upper  "cold  pans”  such  a  rate  Is  occasionally- exceeded^ 
and  Is  usually  0.9  “  1.3  n.d. /min,  as  Is  evident  from  the  *‘photographs ”  of  the 
working  of  towers  (ij  .  • 

At  30  n.d..  In  the  wesence  of  50  n.d.  supports,  bicarbonate  may  be 
crystallized  at  0.6  n.d. /min.  In  the  zone  whose  temperature  Is  near  (slightly 
higher  than)  30*,  there  Is  always  such  a  quantity  of  supports  present. 


l.n.d.  of  bicarbonate 


In  this  vay  the  mlnlmua  residence  time  of  the  liquor  In  various  parts 
of  the  column,  l.e.,the  productivity  of  the  ^tter,  may  he  calculated  (Table 

‘  '  •  ■  •  \  .  .  ■  ■  i  -  .  r  ■  . 

57  minutes  are  required  In  toto  for  the  crystallization  of  70  n.d. 

In  the  second  column  of  Table  4  are  given  the  quantities  of  bicarbonate, 
separated  f^om  the  beginning  of  the  carbonatlon.  As  follovs  fjrom  the  teble, 
it  Is  necessary  to  carry  on  crystallization  to  completion  in  about  an  hour. 

In  order  not  to  allow  the  formation  of  any  fines  In  any  of  the  zones  (not 
counting,  of  coxirse,  the  first  moments  of  crystallization  at  60*).  In  the 
calculation  It  Is  assumed  that  the  time  of  residence  of  the  liquor  In  each  ■ 
zone  is  completely  and  properly  used  for  crystallization,  l.e.  that  In  each 
zone  no  less  bicarbonate  ccmies  down,  than  would  be  expected  from  the  table. 

As  Is  shown  belcv.  It  Is  extremely  difficult  to  get  such  uniform  or  regular 
precipitation  In  plant  columns  (and  Indeed  In  laboratory  ones  as  well).  The 
trouble  Is  not  that  of  carrying  on  the  crystallization  at  such  a  rate  but, 
on  the  contrary,  of  restricting  the  rate  of  absorption  of  CO2  exactly  to  the 
definite  level.  A  particularly  dangerous  zone  Is  that  at  the  beginning  of 
cooling  60-45*,  where  the  equilibrium  Is  strongly  displaced,  and  therefore 
the  reaction  Is  accelerated. 

.  *  TABLE  4  : 


Minimum  Duration  of  the  Brocess  of  Crystallization  in  Separate  Parts 
'  of  the  Cblumn 


Temperature 
of  zone 

Bicarbonate 
formed 
(in  n.d. ), 

Permissible 
rate  of 

crystallization 
(n.d. /min) 

Duration  . 
of 

crystallization 
(in  minutes) 

From 

To 

From 

To 

60 

60 

0 

10 

0.75 

7.5 

60 

60 

10 

30 

1.0 

12.5 

60 

45 

30 

55 

1.3 

19 

45 

30 

55 

70 

0.6 

18 

In  practice  we  need  to  have  a  considerable  reserve  of  residence  time  In 
a  columnr  for  the  hot  zone  IO-205&  Is  sufficient,  for  the  60-45*  zone  350-40^ 
reserve  must  be  available,  and  for  the  lower  zone  It  must  be  20-25^.  70  minutes 

In  general  suffices  to  cover  this  crystal! Izatlonal  time  reserve.  If  it  is  con¬ 
sidered  that  crystallization  does  not  commence  in  the  upper  part  of  the  column, 
the  time  of  residence  of  the  liquid  In  the  column  Is  calculated  to  be  85  minutes 
In  practice  the  duration  of  carbonatlon  Is  35-100^  longer,  but  columns  are  re¬ 
peatedly  used  at  loads  corresponding  to  a  carbonatlon  period  of  I.3  hours,  and 
yield  satisfactory  bicarbonate.  However  when  used  at  such  loads  the  columns 
are  clearly  at  the  limit  (for  crystallization),  and  give  reduced  yields  (co-  • 
efficient  of  utilization  of  the  sodium).  With  intensive  cooling,  which  Is 
necessary  to  obtain  a  normal  sodium  utilization  coefficient,  the  columns 
easily  crystallize:  bicarbonate  separates  not  only  on  the  support  crystals  but 
also  on  the  walls  of  the  tower  and  fines  are  formed  as  well,  which  impedes  the 
flow  of  the  solution  —  the  tower  Is  said  to  "choke". 

Growth  of  crystals  of  bicarbonate  In  the  towers.  It  Is  frequently  assumed 
that  the  final  size  of  the  crystals  is  determined  by  the  relation  between  the 
quantity  of  crystallization  centers  formed  in  the  initial  stages  of  the  process, 
and  the  total  quantity  of  crystallizing  substance,  l.e.  by  the  material  avail¬ 
able  for  growth  on  the  centers.  In  this  case  the  decisive  factor  would  be  the 
initial  degree  of  super saturation. 
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To  test  this  ve  made  above  20  observations  on  the  change  In  the  character 
and  size  of  crystals  In  going  down  a  column.  In  the  zone  vhere  precipitation 
of  bicarbonate  commences,  the  crystals  are  usually  spindle  shaped  but  extremely 
fine,  gradually  growing  to  a  maximum  length  of  10 p>.  In  this  zone  the  first 
10-12  n.d.  of  bicarbonate  comes  down.  Below  this.  In  the  hot  zone,  we  observed 
crystals  growing  to  25-35^  In  length,  and  still  lower,  at  the  9th  pan,  the 
crystals  reached  in  length.  All  of  these  were  prisms  with  blunt*  ends. 

In  the  suspension  at  the  7th  pan  (where  Intensive  cooling  of  the  liquid 
occurs)  a  sharp  growth  of  the  size  of  crystals  to  60-1001JL  Is  observed  but 
alongside  this  a  fresh  precipitation  of  fines  Is  frequently  observed.  Later 
on  the  large  crystals  do  not  grow  much,  but  the  fines  gradually  dlsapper,  and 
defects  of  the  large  crystals  close  up.  A  mixture  of  different  forms  of 
crystals  emerged  from  the  tower,  but  with ’’good"  blcarbcmate  there  .Is  a  predom¬ 
inance  of  the  "barrel”  type  of  crystal,  whose  size  Is  90-100/1  on  the  average. 
Vhere  the  cooling  Is  Intense  many ’’nodules”  and  general  concretions  are  to  be 
seen.  ,  . 


An  extremely  simple  calculation  Is  sufficient  to  convince  one  that  It  Is 
not  possible  to  assume  that  the  only  process  In  the  tower  Is  the  simple  growth 
of  crystals. 


If  It  Is  assumed  tha.t  the  crystals  formed  after  the  precipitation  of  the 
first  8  n.d.  of  bicarbonate,  are  20^  long,  which  Is  known  to  be  an  exagger¬ 
ation,  then  their  equivalent  diameter  would  not  be  more  than 

Crystals  obtained  from  the  towers  have  an  equivalent  diameter  of  90^, 

The  mass  of  the  latter  would  be  iSOz’J)^  =  2120  times  that  of  the  small 
Initial  crystals.  Hence  In  order  for  2(7  n.d.  of  bicarbonate  of  mean  diameter 
20u  to  grow  to  SOjJi,  It  would  be  necessary  for  not  less  than  8*2i20  *  17 
n.d.  of  bicarbonate  to  crystallize  out.  In  actual  fact  only  60  n.d.  separates 
out,  which  is  17,000:60  =  283  times  smaller.  Consequently,  for  283  crystals 
existing  In  the  hot  zone,  only  one  crystal  Is  formed. 


I  •. ' 


Crystals  can  disappear  only  as  a  result  of  agglomeration  with  other 
crystals.  Whether  they  dissolve  and  later  recrystallize  cannot  be  said,  be¬ 
cause  the  size  of  20^  which  ve  took  for  our  calculation  was  sufficiently  large. 
In  jeallty  examination  of  the  crystals  clearly  shows  them  to  be  polycrystalline, 
concretions  of  different  types.  They  adhere  mainly  along  the  long  axis,  but 
P^tly  In  stellate  clusters  —  nodules  —  to  which  type  the  "sheaves"  also  belong. 
On  the  average  the  spindle  shaped  crystals  were  not  observed  In  the  lower  parts 
of  the  towers.  .  -  ■ 


Concretion  of  crystals,  as  a  basic  form  of  growth.  Its  mechanism.  We 
studied  the  separate  forms  of  aggregation  of  crystals  during  the  production  of 
soda.  Crystals  of  calcium  carbonate  In  previously  purified  liquor  aggregated 
mainly  by  the  formation  of  loose  Junctions  between  separate  small  crystals  of 
CaCOa  and  also  by  their  flocculating  by  finely  dispersed  particles  of  magnesium 
hydroxide.  In  the  process  of  purifying  liquors  by  absorption,  the  crystals  of 
calcium  carbonate  cement  together  in  dense  aggregates  by  the  precipitation  on 
their  surfaces  of  the  triple  salt  nortuplte:  MgCOa^NasCOs'KaCl.  The  aggrega¬ 
tions  of  calcium  carbonate  also  occur  during  the  causticlzlng  of  soda  by  lime. 
Such  clustering  plays  a  large  part  In  industry,  and  facilitates  the  breaking 
of  suspensions. 

Such  phenomena  also  occur  In  the  case  of  bicarbonate.  Seeds  of  bicarbonate, 
formed  by  spontaneous  crystallization,  rapidly  grow  Into  spindle  shaped  crys¬ 
tallites.  Side  by  side  with  this  growth,  they  become  aggregated  together  as  a 
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result  of  collision.  Such  aggregations  are  loose,  because  the  crystals  only 
adhere  at  certain  points  along  tl^ir  boundaries.  The  larger  the  surface  of 
contact,  the  more  compact  is  the  aggregate.  Since  the  side  faces  of .  the  crystals 
have  a  considerably  larger  surface  than  the  other  faces,  the  crystals  adhere  pre¬ 
dominantly  along  their  long  axes.  .  . 

The  period  of  residence  of  2  crystals  in  contact  depends  on  the  intensity 
of  agitation.  Convection  and  other  currents  in  the  liquid,  caused  by  the  passage 
of  gas  through  it  are  incident  upon  the  clusters  of  crystals  at  different  angles, 
and  with  different  intensity,  and  tend  to  separate  the  crystals  from  one  another. 
During  the  short  time'  in  which  the  crystals  are  in  contact,  precipitation  of 
bicarbonate  on  them  continues.  As  a  result  of  this  there  are  farmed  on  the 
free  surfaces  of  the  crystals,  at  those  parts  where  they  are  in  contact,  ''seams* 
of  bicarbonate,  or  more  correctly  single  layers  of  bicarbonate,'  Joining  both 
surfaces  together.  As  a  result  loose  Junctions  are  turned  into  compact  clusters. 

The  weaker  the  agitation,  the  longer  the  time  in  which  crystals  are  found 
In  contact  and  so  much  the  larger  is  the  thickness  of  the  layer  that  can  be 
formed.  For  the  aggregation  of  two  large  crystals  naturally  a  thicker  layer 
Is  necessary,  than  for  welding  two  fine  ones  together.  Hence  when  the  agitation 
Is  Intense,  only  a  few  aggregates  can  be  formed,  and  when  the  agitation  is 
specially  Intense,  clustering  is  in  general  impossible.  -  • 

•  '  9  •  0 

The  second  factor,  limiting  the  intensity  of  aggregation,  is  the  rate  of 
separation  of  bicarbonate  from  solution.  The  more  rapidly  this  occurs,  the 
thicker  the  layer  formed  in  unit  time.  With  a  high  rate  of  precipitation  of 
bicarbonate,  clustering  of  crystals  in  abnormal  positions  is  possible,  for  ex- 
anple  crosswise,  ("nodules*)  and  they  can  attain  larger  sizes  than  usual.  The  • 
mother  liquor  can  only  be  washed  out  with  dlfflcxilty  from  the  narrow  fissures 
between  the  crystals  in  such  nodules.  .  .  .  ^ 

The  thickness  of  the  Junction,  however,  is  not  determined  only  by  the 
rate  of  separation  of  the  bicarbonate.  The  surface  on  which  this  separation 
occurs  must  be  known.  When  there  is  a  large  surface  of  crystals  (supports)  the 
material  separating  on  it  is  spread  out  in  a  thin  layer.  It  is  known  that  tho 
conditions  at  the  start  of  crystallization  favor  clustering.  In  practice, 
however,  the  surface  of  the  crystals  present  cannot  grow  by  clustering  but 
diminishes,  and  that  very  considerably,  as  can  be  seen  from  the  calculation 
given  above.  Hence  in  towers  thick  Junctions,  conditioned  by  the  separation 
of  a  definite  quantity  of  bicarbonate,  grow  continuously  and  the  conditions 
for  clustering  Improve  towards  the  bottom  of  the  towers. 

Clustering  does  not  go  on  without  limit.  The  strength  of  the  bond  between 
two  crystals  relative  to' their  combined  mass  decreases  as  the  crystals  grow. 

The  ability  of  agitation  to  separate  clusters' increases  as  they  grow,  because* 
the  surface  on  each  crystal  exposed  to  the  action  of  the  current  in  the  liquid 
Increases  unequally  on  each  side.  The  agitation  must  be  decreased  in  Intensity. 
In  order  for  crystals  to  remain  in  suspension,  however,  a  definite  mlnlmom  in¬ 
tensity  of  agitation  is  necessary.  If  the  crystals  fall  to  the  floor  of  the 
vessel,  collisions  between  them  are  terminated,  and  consequently  their  cluster¬ 
ing  cdases  also  (on  the  floor  of  the  vessel  clustering  of  the  crystals  into  a 
single  aggregate  can  occur,  but  this  is  a  negative  effect).  The  limiting  size  . 
of  the  polycrystal  is  set,  therefore,  by  the  intensity  of  the  agitation  which 
Is  necessary  to  keep  it  suspended. 

*  Since  the  intensity  of  the  agitation  is  determined  by  the  amount  of  gas 
passing  through,  the  size  of  the  crystals  should  decrease  with  Increase  in  the 
load  on  the  tower  (l.e.  with  its  output).  At  a  given  output  of  the  tower  the 
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size  of  the  crystals  should  he  directly  proportional  to  the  concentration 
of  the  gas.  And  actually.  In  one  of  our  plants,  hy  obtaining  concentrated 
waste  gas  and  feeding  the  column  with  gas  containing  65^  CQ2  Instead  of 
which  Is  usual  for  these  plants,  course  "barrels”  were  obtained, 
which  were  wider  than  they  were  long.  The  limiting  size  of  the  poiycrystal 
Tarled  between  100  and  ISiOjX* 

Let  us  examine  a  concrete  case  of  growth  of  crystals  In  a  tower  from  the 
point  of  Tlew  of  our  assumptions  about  the  mechanism  of  growth.  In  the  first ' 
stage  of  the  carbonatlon  the  liquor  is  heated  to  55*60* ,  The  formation  of 
bicarbonate  can  begin  only  after  heating  the  liquid  (completion  of  monocar* 
bonatlon).  At  this  point  partial  pressure  of  CQ2  In  the  tower  Is  small  — 
about  0.5  atm,  and  at  the  temperature  given  the  system  is  very  near  to 
equlllbriiim.  The  absorption  of  CO2,  and  consequently  the  formation  of 
bicarbonate  as  well.  Is  extremely  slow  (there  are  frequent  cases  when  the 
absorption  of  CO2  simply  does  not  occur  at  all  over  the  whole  extent  of  some 
pans).  This  forestalls  the  aiccumulation  of  any  considerable  degree  of  super* 
saturation,  as  was  shown  in  detail  in  our  previous  communication  [1),  The 
crystallization  begins  quietly,  favored  by  the  discarding  of  crystals  fjrom 
the  lower  pans,  thanks  to  the  agitating  action  of  the  gas.  Spindle  shaped 
crystals  are  formed,  growing  fairly  rapidly.  When  the  rate  of  separation 
of  bicarbonate  is  small,  the  process  of  clustering  is  not  very  Intense,  hence 
we  frequently  observe  spindle  shaped  mono-crystals  in  the  initial  zone  of 
crystallization.  Quickly,  however,  thanks  to  Increase  in  the  partial  pressure 
of  the  CO2  in  the  lower  part  of  the  column  the  separation  of  bicarbonate  gains 
In  strength  and  as  a  result  of  the  Intense  axial  clustering  the  spindle  shaped 
crystals  disappear,  being  transformed  into  long  prisms.  Traces  of  clustering 
were  observed  in  the  form  of  serrated  ends  (Fig.  1).  The  lateral  surfaces 
were  observed  to  have  a  tendency  to  straighten  out.  With  the  rapid  growth 
of  the  crystals  the  formation  of  spindle  shaped  planes  is  not  possible,  hence 
It  is  not  always  possible  to  discover  spindle  shaped  crystallites  In  the  tower 
even  at  the  point  where  crystallization  commences. 

At  hl^er  temperatures  the  true  growth  of  the  crystals  Is  higher  (cf,  the 
figures  quoted  above)  and  the  rate  of  clustering  together  becomes  extremely 
large.  Hence  in  the  hot  zone  the  growth  and  clustering  of  polycrystals  Is 
extremely  fast  and  in  the  lower  parts  we  meet  with  fairly  coarse  crystals, 
size  up  to  100 |J>  alongside  small  crystallites. 

A  completely  different  picture  Is  presented  by  crystals  fTcMn  towers 
operating  on  technically  pure  bicarbonate,  in  which  ammonia-free  soda  solutions 
are  carbonated.  Though  the  behavior  of  such  towers  at  different  heights  was 
not  investigated,  nevertheless  a  view  of  the  final  crystals  shows  without  doubt 
that  the  basic  process  in  such  towers  is  the  growth  and  not  the  clustering  to¬ 
gether  of  crystals.  As  a  rule  they  are  of  the  spindle  form.  The  crystalliza¬ 
tion  temperature  in  these  columns  reaches  75-80*-  The  crystallization  proceeds 
uniformly  at  all  heights  and  at  an  average  rate  2-5  times  less  than  in  the  nor¬ 
mal  carbonatlon  columns.  The  Intensity  of  agitation  of  the  bicarbonate  columns 
Is  high,  because  they  operate  on  dilute  flue  gases,  the  coefficient  of  utili¬ 
zation  of  which  is  not  great.  High  alkalinity  of  the  solution  (in  which  there 
is  always  an  excess  of  NazCOs)  accelerates  the  growth  of  crystals.  The  combin¬ 
ation  of  all  these  factors  produces  these  spindle  shaped  crystals  at  the  start 
of  the  crystallization,  and  causes  them  to  grow  normally.  Also  the  growing 
spindle  shaped  crystals  cannot  easily 'adhere  to  one  another,  thanks  to  convex 
form  of  the  lateral  faces. 
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P^ozD  the  results  presented  In  communication  II  flj  it  emerges  that  in 
the  initial  stages. or  crystallization  in  ammonia  solutions  coarse  spindle 
shaped  crystals  are  ronaedj  and  this  shows  that  the  torni  oT  the  crystals 
depends  not  on  the  composition  of  the  solution^  hut  only  on  the  kinetics  of 
separation  of  material  from  It. 

-  With  the  beginning  of  cooling  in  the  tower  (without  this  cooling  the 
reaction  ceases)  the  absorption  of  COz  increases  sharply,  and.  the  separation 
of  bicarbonate  then  increases  sharply  also.  The  temperature  in  this  zone 
is  still  sufficient  for  Junctions  to  be  formed  rapidly.  It  is  in  this  part 
that  coarse  stellate  clusters  are  easily  formed  because  the  compact  Junctions  * 
between  the  crystals  promote  growth,  even  when  the  crystals  are  associated  in 
abnormal  positions.  In  this  zone  the  width  and,  to  a  lesser  degree,  the  length 
of  the  crystals  Increases  rapidly.  The  width  of  the  barrels,  however,  is  still 
small.  They  grow  gradually  as  the  cooling  of  the  liquid  proceeds,  at  the  ex-  ‘ 
pense  of  the  addition  of  finer  crystals  to  the  coarse  ones  and  by  the  bridging 
over  of  cavities  formed  by  clustering  with  simultaneous  overgrowing  of  all 
surfaces.  As  a  result  a  considerable  proportion  of  the  defects  of  the  cluster¬ 
ed  forms  are  healed,  and  the  majority  of  nodules  acquire  normal  outlines  also. 
Hone  the  less,  as  can  be  seen  from  Fig.  1,  traces  of  growth  can  be  seen  on 
nearly  all  crystals;  they  are  shown  by  cavities.  Jagged  ends  ("bottoms”  of  the 
barrels).  There  are  many  evidences  of  clustering  in  the  lower  parts  of  the 
towers.  •  .  •  .  •  . 

In  Table  ^  are  set  out  data  from  a  systematic  study  of  the  dynamics  of 
growth  of  crystals  as  a  function  of  the  height  of  the  tower.  The  observations 
were  made  in  the  course  of  the  whole  period  of  operation  of  a  tower,  from  one 
flush  to  the  next,  i.e.  about  k  days.  •  .  .. 

In  the  columns  headed  "apparent  volume*  the  results  of  determinations  of 
the  quality  of  the  bicarbonate  from  the  volume  Of  the  precipitate  are  given. 

The  figures  are  the  volumes,  (in  percentages j,  occupied  by  68  n.d.  bicarbonate 
after  settling  of  the  suspension.  Rough  observations  of  this  kind  have  been 
used  for  a  long  time  in  Industry.  The  figure  of  68  n.d.  is  chosen  because  it 
is  near  to  the  normal  content  of  bicarbonate  in  the  liquid  in  a  tower.  In  the 
column  headed  ’'volumetric  weight”  are  given  the  figures  of  the  prececdlng 
column  (apparent  volume)  recalculated  on  the  more  usual  basis  of  the  volume  • 
occupied  by  1  g  of  deposit  (in  ml).^  The  method  of  determining  the  apparent 
volume  as  an  index  of  the  quality  of  the  bicarbonate  is  given  in  our  paper  [2]. 

The  8th  pan  is  directly  over  the  first  cold  pan  (in  general  No.  7  Is  taken 
as  t'ne  one  below  it).  The  liquid  in  it  has  already  cooled  to  50-57* >  so  that 
fines  are  easily  formed,  as  noted  in  the  table.  No.  4  pan  is  in  the  middle  of  ’ 
the  cold  zone.  The  collectors  are  the  vessels  from  which  the  liquid  is  with¬ 
drawn  for  filtration.  From  the  table  it  can.be  seen  that  the  apparent  volume 
of  the  precipitate  from  the  8th  pan  always  exceeds  100,  and  on  the  4th  day  of 
working  reaches  400.  This  means  that,  if  all  the  bicarbonates  were  of  such 
a  size  that  none  of  it  could  settle  out,  we  should  observe  a  thick  "porridge** 
of  crystals.  This  is  a  hypothetical  case,  but  the  conversion  of  the  solution 
to  a  gruel-like  mass  is  always  observed  in  carbonatlon  towers  on  cooling.  By 
shaking  vigorously  a  certain  quantity  of  liquid  can  be  extracted,  but  on  stand¬ 
ing  once  again  the  crystal  mass  imbibes  the  liquid. 

The  suspension  in  the  4th  pan  contains  usually  only  a  small  qxiantity  of 
fines.  Only  at  the  end  of  the  period  of  working  of  the  tower  does  the  quantity 
of  fine  crystals  Increase  so  much,  that  they  form  Independent  aggregates.  The 
deterioration  of  the  quality  of  the  crystals  as  the  working  of  the  tower  pro- 
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ceeds  is  explained  b/  crystallizing  on  the  surfaces  of  the  cold  tubes.  Thanks 
to  this  more  vater  Is  given  out  on  cooling,  and  the  uniformity  of  cooling  as  a 
function  height  is  lost,  the  temperature  gradient  becoming  sharper  at  the 
beginning  of  the  cooling  zone.  .  ^  . 

.  _ _  -  -  .  ..  ■  ■  '  *  '  ' :  .  *-■  :• 

^  '  TABIZ  5  .  :  .  •  .  - 

ryoamlcs  of  Growth  of  Crystals  of  Bicarbonate  as  a  Function  of  the 

height  of  the  Tower  '  - 


Microscopic  characteristics 


Good  quality  bicarbonate  has  an  apparent  volume  of  35,  and  excellent  quality, 
consisting  almost  entirely  of  "barrels",  has  one  of  32-33,  We  did  not  observe 
such  values  In  Industrial  products. 

Basic  larlnclples  of  the  regulation  of  the  crystallization  process  in  carbon- 
atlon  t overs.  Both  In  the  construction  and  the  running  of  the  tover  gygrything 
Is  subordinated  to  the  problem  of  obtaining  crystals  of  the  specified  shape  and 
size.  The  process  of  crystallization  ought  to  proceed,  as  the  liquid  descends 
the  tower,  at  a  strictly  controlled  rate,  which  should  differ  In  different  zones 
of  the  tower.  If  this  rule  is  broken,  there  are  a  number  of  serious  consequencess 
“choking"  of  the  column,  crystallizing  of  the  tower,  obtaining  bicarbonate  which  * 
filters  badly  (high  moisture  content  and  high  BaCl  after  filtration),  lowering 
the  output  of  the  drying  ovens,  lowering  the  concentration  of  the  gas  from  the 
drying  ovens  as  a  result  of  "cementing"  the  drier. 

The  problem  of  accelerating  the  absorption  of  CQz  was  solved  during  the 
development  of  the  ammonia-soda  process  by  the  Introduction  of  "possets"  — 
intermediate  floors  with  openings  and  bell-shaped  covers  over  the  openings. 

In  practice  the  absorbing  surface  throughout  the  whole  height  of  a  tower  Is  - " 
intentionally  excessive.  The  problem  of  accelerating  the  absorption  does  not 
present  itself  to  the  operator  of  a  toweiis  If  anything  has  to  be  decided  for 
the  individual  zones  (bottom)  of  the  column.  It  Is  In  connection  with  llmlta-  . 
tlon  of  the  absorption.  Imposed  by  the  requirements  of  the  crystallization 
process.  '  - 

In  order  that  the  dynamics  of  the  crystallization  process  shall  corres¬ 
pond  to  the  optimum  conditions  for  the  growth  and  clustering  of  crystals,  the 
absorption  of  carbon  dioxide  does  not  need  to  be  accelerated,  but  to  be  retarded. 
This  retardation  Is  realized  automatically  by  extremely  Ingenious  meems.  In  the 
initial  stages  of  the  crystallization,  as  already  mentioned,  retardation  Is 
achieved  by  raising  the  temperature  of  the  liquid  as  a  result  of  the  liberation 
of  the  heat  of  solution  of  csirbon  dioxide  and  of  Its  neutralization  by  ammonia 
together  with  the  lower  partial  pressure  of  the  CO2  in  the  upper  part  of  the 
column  (countercurrent  flow).  . 

As  the  liquid  flows  down  to  the  lower  parts  of  the  column.  It  meets  gas 
having  the  highest  partial  pressure  of  CO2.  At  some  time  -  in  the  hot  zone  — 
the  aiul librium  of  the  reaction  is  slowly  dlspleured  with  Increase  In  the  partial 
pressure  of  the  carbon  dioxide,  with  the  result  that  the  absorption  of  CQa  be¬ 
comes  lover.  The  uniform  precipitation  of  bicarbonate  In  the  hot  zone  ensures 
the  rapid  growth  of  crystals,  this  growth  occurring  at  the  expense  of  the  fine- 
crystals  formed  in  the  first  stages  of  the  crystallization. 

After  the  precipitation  of  the  first  30  n.d.  of  bicarbonate  the  absorption 
at  60*  and  at  a  given  concentration  of  gas  slows  down  considerably.  The  equi¬ 
librium  must  be  displaced  by  cooling  the  liquid.  Cooling  has  a  more  potent 
action  than  changing  the  partial  pressure  of  the  gas.  This  cooling  must  be 
conducted  as  slowly  and  smoothly  as  possible.  This  runs  Into  difficulties. 

At  the  start  of  the  cold  zone  the  liquid  cools  In  each  pan  by  6-8*.  Alto¬ 
gether  the  liquid  has  to  be  cooled  by  30*  In  7  pans,  thus  4.5*  In  each  pan. 
Actually  In  the  lower  pans  only  2-3*  is  lost  per  pan,  though  at  that  point 
stronger  cooling  Is  permissible,  because  the  displacement  of  the  equilibrium  ^ 
at  the  end  of  the  process  Is  small.  As  a  result  of  the  strong  cooling  In  the  . 
upper  part  of  the  cold  zone  the  absorption  of  CO2  Increases  considerably  (1), 
which  leads  to  the  appearance  of  fines  and  nodules. 

The  temperature  of  the  liquid  leaving  the  column  should  be  as  low  as  - 
possible  preferably  22-23®,  in  order  to  secure  the  maximum  coefficient  of 
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utllizatioa  of  the  eoditua.  Such  temperatures  have  been  attained  in  the  running 
of  towers  in  some  plants.  To  avoid  considerable  worsening  of  the  quality  of 
th'v  bicarbonate  produced,  however,  the  temperature  is  not  permitted  to  fall 
below  28-JO*.  Agitating  the  liquid  in  our  towers  has  been  shown  to  have  a 
strongly  negative  effect,  causing  the  cold  liquid  to  fall  to  the  lower  part 
of  the  tower  from  above,  and  the  warm  liquid  carrying  the  fines  to  reach  the 
bottom  more  quickly  than  is  necessary.  This  may  be  prevented  or  weakened  by 
Inserting  intermediate  floors  (possets)  with  some  openings  of  smaller  diameter. 

I  •  •  •-  '  •  ,  -  SUMMARY 

1.  Sufficiently  coarse  crystals  of  bicarbonate  may  be  obtained  even  in  the 
first  stages  of  crystallization  at  any  temperature,  if  the. rate  of  carbonation 
does  not  exceed  a  definite  value.  It  is  necessary  for  the  crystallization  to 
start  before  attaining  the  critical  point  (llOft  carbonation).  .At  this  point  a 
quantity  of  bicarbonate  crystals  should  separate  sufficient  to  prevent  the 
formation  of  new  centers  of  crystallization  when  the  point  at  which  carbamate 

is  converted  rapidly  to  carbonate  is  reached.  It  has  been  shown  that  in  this 
case  the  sum  of  the  saturations  increases  from  the  beginning  of  the  crys¬ 
tallization  up  to  the  critical  point  at  the  expense  of  the  "reaction  sui>er<-> 
saturation**,  retarding  the  conversion  of  carbamate  to  carbonate. 

2.  For  each  succeeding  crystallization  stage  there  also  exists  a  definite 
limiting  rate  of  carbonation,  which  if  exceeded  Involves  the  formation  of  new  ■ 
seed  crystals. 

A  method  has  been  worked  out  for  determining  the  limiting  rate  of 
crystallization  and  likewise  of  the  average  linear  rate  of  growth  of  bicar¬ 
bonate  crystals,  based  on  the  introduction  of  different  quantities  of  support 
crystals  into  the  solution.  Ry  this  means  the  minimum  duration  of  crystalliza¬ 
tion  for  separate  temperature  zones  of  a  tower,  and  of  the  process  of  carbon¬ 
ation  as  a  whole,  have  been  determined.  The  latter  cones  out  at  70  minutes. 

5.  Bicarbonate  comes  down  in  the  form  of  polycrystals,  formed  as  a 
result  of  the  continuous  clustering  together  and  subsequent  growth  of  crystals. 
One  final  crystal  is  formed  from  hundreds  and  thousands  of  initial  crystals. 

The  mechanism  of  clustering  of  the  crystals  —  the  formation  of  Junctions 
between  them  —  has  been  examined,  and  the  factors  have  been  delineated  which 
are  responsible  for  the  form,  the  dimensions  and  limiting  size  of  thq  poly¬ 
crystals.  A  detailed  analysis  of  the  course  of  crystallization  down  a  tower 
is  given.  •  '  - 

4.  The  regulation  of  the  course  of  crystallization  in  a  tower  is  achieved 
automatically  by  limiting  the  rate  of  absorption  of  CO2  to  a  definite  value, 
different  for  different  zones  of  the  tower.  Retardation  of  the  absorption  is 
attained  by  approximating  the  conditions  of  reaction  in  the  tower  to  equilibrium, 
at  which  absorption  ceases.  ■  , 

The  equilibrium  in  the  tower  is  continuously  and  gradually  displaced  as 
a  result  of  the  raising  of  the  partial  pressure  of  the  CQg  and  the  lowering 
of  the  temperature  of  the  liquid  during  its  percolation  down  the  tower.  Paral¬ 
lel  with  the  displacement  of  equilibrium  the  process  of  absorption  of  CO^  is 
displaced  and,  consequently,  the  process  of  formation  of  bicarbonate  is  dis¬ 
placed  as  well. 

The  rate  of  change  of  the  pressure  of  gas  and  of  the  temperature  is  set 
by  the  design  of  the  column  (its  height  and  the  location  of  the  cold  pans)  and 
is  also  connected  with  the  concentration  of  CQ2  in  the  gas  on  entry  into  the 
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tcjver.  UnsatlBfactory  vorklng  of  some  types  of  tower  Is  explained  by  Inter 
ference  with  the  normal  gradual  cooling  as  a  result  of  structural  defects 
and  to  nonocorrespondance  between  the  actual  and  design  concentration  of 
gas  passing  tWou^  the  tower.  .  , 
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LIMITS  OF  PCRTLAND  CEMENT  ON  TERAART  DIAGRAMS 


•  Institute  of  RefJractcrles  and  Structural  Materials  of  the  Academy  of 
Science  of  the  Kazakh  Federal  RepiJd>llc 


Ternary  diagrams  are  frequently  used  for  visual  representation  of  silicate 
systems.  However,  In  the  examination  of  such  diagrams  presented  hy  different 
authors,  and  which  contain  fields  corresponding  to  the  composition  of  Portland 
cement,  our  attention  has  heen  drawn  to  divergencies  between  these  varied  re- 
presentations,  divergencies  which  are  In  some  cases  quite  considerable.  The 
aim  of  our  paper  Is  to  delineate  more  precisely  the  field  of  Portland  cement.  . 
on  ternary  diagrams.  .  - .  ’ 

According  to  the  classification  proposed  by  Okorokov  [1],  Portland  cement 
may  be  divided  up  In  the  two  following  wayss- 

1.  Ite pending  on  the  ratio  between  the  minerals  and  silicates: 

a)  allte  with  CnStCsS  *  85:155  usual  composition  with  C3S:C2S  *  from 

50:50  to  85:15;  c)  bellte  with  038:028  »  50:50.^ 

2.  Depending  on  the  relation  between  minerals  and  matrix: 

d)  alualnate  with  C3A:CvAF>70!30;  e)  usual  composition  with  » 

.  from  70:50  to  50:70;  f)  braunmillerlte  with  C^AzC^ <30i70}  g)  ferrite 

with  04AF:02F<rO:50. 

Oements  simultaneously  belonging  to  two  varieties  can  be  given  two  classi¬ 
fications,  e.g.:  felite-braunmlllerite,  alumlnate -allte,  etc. 

Since  to  characterize  the  chemical  composition  of  Portland  cement  the  Kind 
coefficient  of  saturation  (KS)  Is  frequently  used  and  also  the  silicate  (n)  and 
aluminous  (P)  moduli  we  find  It  expedient  to  determine  the  limits  of  the  separate 
forms  of  cements  Indicated  above  starting  from  the  values  K,  n,  P. 


As  Is  known  according  to  Kind  the  quantity  C3S  In  cement  clinker  Is  equal  . 
to  5-8  SiQ2  (l-KS)  [5].  Hence  equating  the  ratios  .  * 


C3S 

C2S 


L8  S102(5KS-2) 

l.6i  Si02U-KSjl 


to  55  and  52 

15  50 


and  finding  IS  from  the  equalities  obtained,  we  determine  further  that  to  the 
allte  cement  class  belong  cements  with  iffi>0.937  the  bellte  class  those  with 
KSC'O.81  and  those  with  0.81^1^ <0,93  niay  be  said  to  be  of  the  usual  composltloni 


Here  and  elsewhere  we  have  used  the  following  abbreviated  designations: 
C3S  -  5Ca0*S102;  C2S  -  2Ca0*S102;  C3A  -  5CaO*Al203;  C4AF  -  UCa0-Fe203  and  . 
C2F  -  2Ce0*Fe203. 


1 


1069 


Vlth  P  ^0.64  in  a  cement  the  clinker  contains,  as  Is  knovn,  minerals- 
siatrlx:  CoA  and  C4AF,  and  vlth  P<0.64,  C^AF  and  CsF.  The  quantity  of  CsA 
'"in  the  clinker  Is  equal  to  2,65  TA1^3-0.64Fe^03)#,  the  quantity  of  C4AF  • 

5.04  FezOa  (with  P>0.64)  and  4.768  AloOa  (vlth  P<0.64),  the  quantity  of 
C2F  Is  equal  to  1T702  (Fe203-1.567Al2Q3).  “  ,  • 

Setting  up  the  equalities:  ^  and  (with  P>0.64)  and 

C.AF  70  .  ^ 

likewise  ^  (with  P<0.64),  Introducing  the  above  values,  for  CgA,  C4AF 

and  C2F,  replacing  AI2O3  by  P*Fe203  and  solving  the  equation  obtained  for  P, 

we  find  that  ^  occurs  when  P  »  3*31  and  ^  occurs  when  P  •  1.51$ 

^  C.AF  ^  ^  ^  •.  '  . .  - 

and  ^  occurs  when  P  «  O.56. 

C2F  30  —  "  ... 

Ftom  what  has  been  said  It  can  be  concluded  that  alumlnate  cements  have 
P>5«31  (approx.  3»3>#  usual  Portland  cements  cover  the  range  1.15^P<3»31 
"(approx,  1.KP<5»3Ji  and  braunmillerites  the  range  0.^<P<.1.15  (0.4<P^ 
<1.1)  while  ferrites  have  P<0.56  (approx.  0.4).  For  determination  of  the - 
limits  of  Portland  cement  on  ternary  diagrams  we  must  mark  limits  for  IS,  n, 
and  P.  The  lover  limit  for  IS  attained  In  industrial  cement  Is,  as  Is  known, 
0.82  while  the  upper  limit  Is  O.98  (in  high  quality  Portland  cement).  The 
silicate  modulus  of  Portland  cement  Is  taken,  for  a  number  of  reasons,  to  lie  • 
within  the  limits  of  I.9  to  5.O  (high  silica  Portland  cement),  the  alumina 
modulus  from  0.2  (ferrite  cement)  to  4.0. 

For  calculating  the  chemical  composition  of  cement  corresponding  to 
different  values  of  IS,  n,  and  P  we  use  an  expression  actually  with  P^O.64: 
quantity  ' 

.  100 _  .  (*1 

“  (P  +  l)ln(2.8KS  +  1)  +  2.651  -  1.5 


'  '  '  For  cases  with  P^O.64,  analogous  expressions  are  derived  from  the  known 
Kind  equality  connecting  the  moduli: 


Fe203 


(m  +  l)(n  +  1)(P  +1)  * 


where  2  =  sum  of  the  cain  oxides  and  m  =  hydraulic  modulus.  Taking  for  the  con¬ 
struction  of  ternary  diagrams  2  =  lOOj,  expressing  n  by  the  main  oxides  and  CaO 
bhe  acid  oxides  (by  means  of  an  expression  for  IS  which  In  the  given 
case  has  the  following  form): 

CaO  -  l.lAlpCh  -  O/TFepOa  ’  '  ‘ 


:  .  2.8SIO2 

and  by  further  substituting  AlaO^  =  PFe203  and  Si02  =  n(P  +  l)*Fe203  (obtained 
from  the  expression  for  the  alumina  and  silicate  moduli)  after  rearrangement 
we  get 


Fe203  = 


[p  +  l)[n(2.8lS  +  1)  +  2.1)'-  0.1 


Calculations  of  the  composition  of  Portland  cement  (for  2=  IOO5&)  eore  given  In 
Table  1.  For  these  calculations  the  following  values  of  IS  were  taken;  0.82, 
0.93  and  0.98;  for  n,  I.9  and  5.O  (intermediate  values  of  n  were  not  necessary 
for  the  constructlon'"of  fields  on  the  diagrams);  for  P  0.27  O.56,  1.13,  3-31 
and  4.0.  “ 
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Trom  Table  1  it  can  be  seen  that  the  weight  of  CaO  in  Portland  cement  clinker 
can  Tar/  frcxa  63.84  to  71«665t  of  the  sum  of  the  main  oxides,  SiOz  ft^om  19.55 
to  27.405^  AlzOa  ftrom  0,8l  to  9-24^,  and  FezO^  from  0.95  to  10.38^.  .  *• 

The  limits  of  content  of  the  main  oxides  in  different  forms  of  Portland  • 
cement  are  given  in  Table  2  (compiled  on  the  basis  of  Table  I). 

On  the  basis  of  Table  1  the  Portland  cement  fields  have  been  delineated 
on  the  diagrams;  Ca0-S10^-B203>  CaO-SiQz-AlzOs  and  Si0z-Al2Q3-FezQ9. 

Dlapyam  CaO-SiOg-RgO;^.  The  field  of  Portland  cement  on  this  diagram  is  ^  ' 
shown  in  Figure  la.  In  Flgiire  lb  part  of  this  diagraua  is  given  on  a  larger 
scale:  the  point  A  corresponds  to  Portland  cement  having  KS  s  0.82,  n  «  5.O 
and  P  *  0.2;  the  point  C  to  a  Portland  cement  with  IS  =  0T82,  n  *  I.9  and 
P  »  0.2;  the  point  D  to  a  cement  with  ^  *  O.98,  n  *  1.9,  P  *  ^.0;  and  the  point 
F  to  a  cement  with  ^  =  0.93,  n  =  5«0  P  =  The  field  is  bounded  by  the 

straight  lines:  AB,  for  cements  with  K  »  0.82,  P  »  0.2,  n  *  1. 9-5.0 

CD,  for  cements  with  IS  =  0.82-0,98,  n  =  I.9,  P  »  0. 2-4.0 
DE,  for  cements  with  IS  =  O.98,  n  =  1.9-5-0^  4.0 

•  cements  with  IS  =  0.82-0. 98,  n  *  5»0>  F  »  0. 2-4.0 

It  should  be  noted  that  for  each  value  of  n  there  is  a  corresponding 
straight  line  on  the  field.  Thus  on  the  line  BE  are  located  cements  with  n  «  5. 
The  general  points  of  Interesectlon  obtained  by  extending  the  lines  ~ 

corresponding  to  different  values  of  n  is  the  lower  left  angle  of  the  ternary 
diagram  (Figure  1).  ,  /  ,  . 

Each  point  in  the  general  field  ABDE  corresponds  to  a  number  of  cements 
having  different  values  of  IS  and  P  but  the  same  value  of  n. 

% 

Diagram  CaO-SlOg-AlgOa.  In  Figure  2a  is  shown  the  field  of  Portland  cement 
in  this  diagram. 


Ihe  same  field  is  shown  enlarged  in  Figure  2b.  Point  A  represents  a  cement 
with  IS  »  0.82,  n  =  P  =  0-2,  Point  B  a  cement  with  IS  =  0.82,  n  =  1.9> 

P  =  4,0  and  point  C  a  cement  with  ^  =  0,98,  n  =  1.9,  P  =  4.0;  point  D  a  cement 
with  IS  =  0.98,  n  =  1.9  and  P  =  0.2. 

The  line  AB  comprises  cement  with  KS  =  0.82;  the  line  CD  cements  with 

JS  =  0.98,  n  =  1.9  and  P  =  0. 2-4,0,  the  line  AD  cements  with  P  =  0.2  and  the 

line  BC  cements  with  n  =  1.9  and  P  =  4.0. 

•  •  .•  *  * 

Diagram  SiOg-AlgOr^-FegO*^.  We  know  of  no  Instances  of  the  use  of  these 
diagrams  for  showing  fields  occupied  by  Portland  cement;  however,  in  the  given 
-case,  they  are  of  some  Interest.  In  Figure  3a  is  given  the  diagram  for 
S10z-Al203-Fe203 . 

The  base  of  the  diagram  correponds  to  the  materials  having  n  =  0,  and  the 
apex  to  those  having  n  =  co ,  The  left  boundary  of  the  diagram  (with  Fe2Q3  “  0) 
corresponds  to  material  with  P  =  co  and  the  right  (with  AI2O3  =  0)  to  those 
having  P  '=  0.  The  field  of  Portland  cement  is  shown  on  a  larger  scale  in 
Figure  3.  Since  CaO  is  absent  from  this  diagram,  the  position  of  points 
corresponding  to  individual  cements  does  not  depend  on  KS  but  only  on  n  and  P. 
The  lines  corresponding  to  different  silicate  moduli  of  cements  is  parallel  to 
the  base  of  the  diagram.  The  line  JF  corresponds  to  n  =  1.9;  MH  to  n  =  3;  RP 
ton=4;  AEton=5.  The  point  of  Intersection  of  lines  corresponding  to 
different  alumlnate  moduli  is  the  apex  of  the  diagram.  The  line  EF  corresponds 
to  P  =  0.2;  DG  to  P  =  O.36;  CH  to  P  =  1.13;  BT  to  P  =  3.31  and  AJ  to  P  =  4. 


Hence  the  rectangle  DEFG  Is  the  field  of  ferritic  cements,  CDGH  braunmlllerite 


I 


1071 


XAELE  I 


Con^sltlon  of  PortLand  cements 


for  S=  lOOIbjl  JII2O3 

+  Fe203 
(RsQa) 


[Gm5fi 


23.70 

23.55 
22.90 
22.10 
21.93 
27. UO 

27.55 

27.03 

26.55 

26.50 

22.08 

21.96 

21.38 

20.70 
20.61 

25.30 
25.20 

2k. SO 

24.50 
24.48 

21.40 

21.30 
20.73 
20.07 


71.24 

70.46 

68.96 

68.16 

68.13 

70.32 


71.56  123.70  .1  3.79 


12.46 
12.40 
12.05 
11.63 

11.55 

5.48 

5.^7 

5.41 

5.31 

5.50 

.11.65 
11.54 
11.22 
10.88 
10.85 
5.06 
5.04 
4.94 
4.90 

4.90 

n.26 

11.21 

10.90 

10.56 

10.50 

4.88 

4.87 
4.83 
4.75 

4.74  I 72.24 


iK. 


- 
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'  ■  ..  ....  TABLE  2 

Content  of  main  oxides  in  different  forms  of  Portland  cement 


Basic  clas«  Name  of  cement 
slflcatlon 


ontent  (In  }>){for  CaO  *  SIO2  ■¥  AlsQs  *  FesOa 
•  *  100^) 


CaO  SI 


w_ 

rMn, 
.nxaea 

jasirjias!^ 

f£fBrjmsrjsagr£^^ 
a^aiosoBOBr^^ 


PWrA^j9^TAVA\. 


i 


axa^aaaaaiaal 


M>  ^0  iff 

.  %»ik4 - 


/rAVA% 
rk'AT«rATAl 
J^ffSVJir^JiS 
rkTA.'VAV'A*^ 

raVATtfATATAT/^^ 
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Fig. 3.  Diagram  SlQg-AlaOa-FezQa* 

a)  Field  of  Portland  cement  on  diagram;  b)  Portion  of  diagram  enlarged 
-  .  (explanation  of  symbols  given  In  text). 
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PCROSm  OF  ELECTRO  DEPOSITED  HICKEL 


A.A.Sutyaglna  and  A.P.Vagramyan  -• 

•  ■  ^  ■  .-‘r  *;-r. .  'i  ’  .  .. 

Elucidation  of  the  caune  of  pores  formation  In  deposits  is  one  of  the 
core  Important  problems  related  to  the  electrolytic  deposition  of  metals. 

Usually  the  term  •pores"  Includes  macro-  and  microcanals,  leading  from  the 
surface  of  the  deposits  to  the  foundation  metal  of  the  cathodes.  In  electrolyti-  • 
cally  -  obtained  metal  deposits  the  pores  have  varying  dimensions,  so  that  It 
Is  very  difficult  to  determine  exactly  their  number  and  size.  Depending  on  the 
conditions  and  duration  of  the  experiment,  for  one  and  the  same  coating,  pores 
ssay  or  may  not  be  discovered.  Thus,  In  experiments  In  liquids  with  samples  covered 
with  a  protective  layer  of  definite  thickness,  the  deposits  may  be  non-porous, 
while  In  an  atmosphere  of  corrosive  gases  pores  nay  be  observed.  Thus,  the 
evaluation  of  the  porosity  of  the  deposits  Is  relative. 


Pores  may  be  divided  into  two  groups,  on  the  basis  of  their  size:  1)  coarse 
pores,  formed  mainly  as  a  result  of  non-homogeneity  of  the  electrode  surface, 
which  nay  be  conditioned  by  different  kinds  of  inclusion  -  non-metallic,  foreign 
metals,  oxides,  surface-active  substances,  etc.;  2)  fine  pores,  determined  by  the 
structure  of  the  deposits  (form  dimensions,  and  arrangement  of  crystals),  depending 
on  the  conditions  of  electrolysis. 

The  difficulty  of  investigating  the  porosity  of  electrolytic  deposits  lies 
basically  In  the  absence  of  an  accurate  quantitative  method  of  examining  pores. 

The  use  of  such  a  quantitative  method  and  the  study  of  porosity  Is  ccmipllcated 
by  the  fact  that  pores  themselves  have  different  forms  and  sizes. 

Eelatlvely  little  work  las  been  devoted  to  the  study  of  porosity,  and  the 
greater  part  of  It  has  been  concerned  with  the  study  of  separate  questions  of  the 
electrodeposition  of  metals. 

In  this  paper  the  study  of  the  effect  of  various  factors  on  the  porosity  of  - 
electrolytic  deposits  of  nickel  Is  reported. 

.  •  -  EXPERIMENTAL  *  .  • 


The  electrodeposition  of  nickel  was  carried  out  In  the  main  In  a  bath  havlig 
the  following  composition  (in  g/llter):  H1S04*7H20  ”  l66;  H3BO3  “  30;  Na2S04*10H20 
-  50;  MgS04*7H20  -  20  and  NaCl  -  2. 


The  electrolysis  was  carried  out  In  closed  glass  vessels.  The  volume  of 
electrolyte  was  0.5  liter.  Chemically  pure  nickel  was  used  as  an  anode,  and  Iron 
.  plates  of  2  cn^  surface  area  were  used  as  cathodes.  The  temperature  was  17-20*. 


Method  of  examining  the  cores.  To  examine  the  pores  In  the  electrolytic 
deposits  of  nickel  on  Iron  samples,  we  usually  oised  a  potassium  ferrlcyanlde 
reagent  of  the  following  composition  (in  g/llter)  K3Fe(CN)e  “  10  and  NaCl  —  20. 

The  serviceability  of  the  method  is  due  to  the  fact  that  the  reagent,  pene- . 
tratlng  through  the  pores  of  the  covering  to  the  base  metal,  reacts  with  It,  and 
the  product  of  reaction  (Turnbull’s  blue)  comes  out  through  the  pores  to  the  sur¬ 
face,  forming  a  blue  patch.  The  number  of  pores  Is  taken  as  being  equal  to  the 
number  of  blue  patches. 
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In  this  vork  the  porosity  was  determined  as  follovs. 

The  sample  under  investigation  vas  dipped  into  a  solution  of  the  reagent 
of  the  indicated  composition  for  tvo  minutes,  after  vhich  it  vas  washed  vith 
distilled  water  and  dried  vith  filter  paper.  The  number  of  pores  vas  counted 
under  a  microscope  having  a  magnification  of  50*  To  facilitate  counting  the 
total  number  of  pores,  the  surface  of  the  sample  vas  divided  into  sei>arate 
.squares,  making  it  possible  to  count  the  pores  accurately-  Counting  the  pores 
under  the  microscope  makes  it  possible  to  distinguish  a  large  number  of  fine 
pores  vhich  could  not  be  distinguished  vith  the  naked  eye. 

Effect  of  support  and  of  previous  treatment  on  the  porosity.  The  preliminary 


preparation  of  the  cathode  surface  had  a  considerable  Influence  on  the  porosity  of 
the  electrolytic  deposits  [1-3]  •  We  studied  the  effect  of  different  kinds  of 
treatment  of  the  cathode  on  the  porosity  of  electrolytic  deposits  of  nickel. 

Deposits  obtained  on  cathodes  previously  rubbed  down  vith  emery  paper  of  different 
number  had  different  numbers  of  pores,  and  the  rougher  the  treatment  of  the  sur¬ 
face  of  the  electrode,  the  larger  the  number  of  pores  formed  in  the  deposit;  the 
smoother  the  surface  of  the  cathode,  the  lover  the  number  of  pore's  in  the  deposit. 

% 

After  mechanical  treatment  vith  emery  -paper  !To.l2C  the  samples  were  subjected 
to  various  chemical  treatments:  de-greasing  vith  10^  RaOH,  electro-chemical  de¬ 
greasing  with  lCff>  RaOH,  de-greaslng  with  2(yf)  RagCOa  at  a  temperature  of  80*,  and 
k  mechanical  rubbing  of  moist  samples  with  soda  and  subsequent  treatment  in  acid 
solutions.  , 

The  best  results  were  obtained  after  rubbing  the  damp  samples  vith  soda. 
Apparently  In  this  case  the  various  foreign  particles  adhering  to  the  surface  as 
a  result  of  mechanical  treatment  are  more  effectively  removed,  and  consequently  . 
the  number  of  pores  diminishes  sharply. 

On  the  basis  of  experiments  on  the  effect  of  previous  treatment  on  the 
number  of  pores  In  the  electrolytic  deposits,  "standard"  conditions  of  preparation 
of  the  cathode  were  selected,  as  follows:  the  samples  were  rubbed  down  with  emery 
paper  Ro.l20,  washed  with  water,  de-greased  by  rubbing  with  soda  to  complete 
vetting,  and  washed  with  distilled  water.  After  being  prepared  In  this  manner, 
the  samples  were  used  for  the  deposition  of  nickel  on  them.  As  indicated  above, 
if  the  covering  of  metal  Is  not  homogeneous,  i.e.,  if  It  has  various  Inclusions, 
the  number  of  pores  In  the  deposit  Increases  sharply.  Thus,  for  example,  non-metalllc 
inclusions  obtained  In  the  surface  of  the  cathode  as  a  result  of  its  mechanical 
treatment,  foreign  metals  (impurities),  traces  of  grease  and  of  surface  active 
substances  remaining  as  a  result  of  poor  de-greaslng  of  the  electrode,  scale,  etc., 
induce  the  formation  of  porous  deposits. 

Metallic  Inclusions  which  lower  the  hydrogen  overvoltage  have  a  particularly 
strong  Influence  on  the  porosity.  During  the  process  of  electrolysis,  the  parts 
of  the  cathode  which  lower  the  hydrogen  overvoltage  are,  at  the  same  time,  the  very 
parts  which  have  a  high  overvoltage  for  the  separation  of  metal  [U],  hence  on 
these  parts  an  Intense  liberation  of  hydrogen  occurs,  while  the  separation  of  metal 
on  then  Is  considerably  lowered.  The  Intensive  separation  of  hydrogen  at  these 
parts  of  the  cathode  leads  to  the  formation  of  crater-llke  hollows.  In  the  centre 
of  which  there  are  canals  reaching  to  the  base  metal. 

,  The  continuous  separation  of  hydrogen  leaves  behind  a  perceptible  trace  in 
the  form  of  striae  on  the  surface  of  the  cathode. 

If  the  sample  Is  sectioned  at  the  place  where  such  craters  are  formed,  and 
If  polished  microscope  samples  are  then  prepared  from  the  pieces.  It  can  be  seen 
that  coarse  pores  in  the  deposit  are  actually  formed  directly  at  the  site  of  the 
Inclusion.  Along  with  the  coarse  pores  many  fine  ones  are  formed. 
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It  should  he  noted  that  pores  may  he  formed  not  only  on  the  parts  vhose 
hydrogen  overvoltage  Is  reduced^  hut  also  on  parts  not  properly  de-greased  and" 
therefore  poorly  vetted  hy  the  electrolyte. 

In  a  aeries  of  papers  [5]  it  has  heen  shovn  that  the  degree  of.  adherence  and 
the  dimensions  of  the.huhhles  of  hydrogen  at  the  moment  of  liberation  depend  on 
the  ratio  of  surface  tensions  at  the  hoxmdarles  solut lon/gas  ^  solutlon/metal  emd 
metal/gas,  l.e.^  on  the  conta.ct  angle.  The  contact  angle  changes  considerably  In 
the  presence  of  surface -active  substances  In  the  electrolyte. 

In  the  absence  of  contamination  the  magnitude  of  the  contact  angle  depends 
on  the  electrode  potential.  As  the  polarization  curve  changes,  the  dependence  of 
the  contact  angle  (  3  )  on  the  potential  ((D)  of  the  electrode  passes  throu^  a 
maximum  [6J.  ^  • 

Thus,  the  duration  of  adherence  of  the  bubbles  can  be  changed  both  by  changing 
the  concentration  of  surface-active  substances,  and  by  changing'  the  current  density 
at  the  cathode.  On  the  parts  of  the  cathode  vhere  bubbles  of  hydrogen  adhere,  the 
separation  of  metal  Is  hindered  for  a  considerable  time  [7]»  ®  result  of  yhlch 

pores  are  formed. 

Effect  of  thickness  of  coating  on  the  porosity.  It  Is  evident  that,  with 
Identical  quantities  of  metal  deposited,  the  degree  of  filling  up  of  the  surf^e 
of  the  electrode  by  crystals  will  vary,  depending  on  the  size  of  the  crystals. 

If  the  crystals  are  coarse,  only  a  small  part  of  the  surface  of  the  electrode 
will  be  covered  by  the  deposit,  while  the  same  quantity  of  metal  deposited  In  the 
form  of  fine  crystals  will  cover  the  entire  surface  with  a  uniform  deposit. 

To  fill  up  all  the  defects  of  the  cathode  surface  with  deposited  metal  (coarse 
crystals)  In  order  to  obtain  a  non-porous  deposit.  It  Is  necessary  to  separate 
from  the  electrolyte  a  considerably  larger  quantity  of  metal  than  when  depositing 
fine  crystals  on  the  surface.  Thus,  for  every  given  dimension  of  crystal,  there 
should  be  a  minimum  quantity  of  metal  which  will  cover  the  whole  surface.  Such 
a  quantity  of  metal  may  be  called  the  "critical”  one.  Since  the  average  thick¬ 
ness  of  the  deposit  Is  proportional  to  the  quantity  of  metal  deposited  on  the 
cathode.  It  can  be  said  that  the  critical  thickness  necessary  to  ensure  absence 
of  pores  will  differ  with  the  size  of  the  crystals. 

Consequently,  as  the  size  of  the  crystals  Increases  the  minimum  thickness 
necessary  to  obtain  a  non^-porous  deposit  should  be  larger. 

If  the  curve  of  dependence  of  the  number  of  pores  on  the  thickness  of  the 
covering  Is  plotted  for  different  crystal  sizes,  these  curves  being  for  crystals 
oriented  and  lying  compactly  on  one  another,  then  there  should  be  a  sharp  bend  In 
It  corresponding  to  complete  covering  of  the  given  surface  with  crystals  and  the 
formation  of  a  non-porous  covering. 

In  order  to  obtain  a  non-porous  deposit  with  a  small  thickness  of  covering. 

It  Is  necessary  to  select  the  condition  of  electrolysis  at  which  uniform,  finely- 
crystallized,  dense  deposits  are  obtained. 

Under  the  practical  conditions  of  electrolysis,  the  crystals  are  arranged 
largely  at  random,  without  any  special  orientation,  and  it  is  natural  that  the 
relation  between  the  size  of  the  crystal  and  the  minimum  thickness  should  be  more 
complex,  and  the  bend  of  the  curve  "number  of  pores  against  thickness  of  deposit" 
should  be  rounded.  In  cases  of  random  crystal  distribution,  the  minimum  thickness 
necessary  to  ensxire  a  non-porous  covering  will  be  considerably  larger  than  the 
thickness  starting  from  crystals  compactly  disposed  relative  to  one  another . 
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In  Fig.  1  are  presented  the  results  of  the  investigations  of  the  dependence 
of  the  porosity  on  the  thickness  of  nickel  coating  Nickel  vas  de¬ 

posited  electrolytlcally  on  iron  electrodes  given  the  "standard"  pre-treatment. 

The  electrolyte  vas  of  the  composition  indicated  above,  the  current  density 
2A/dm*,  and  the  temperature  17~20*.  To  plot  the  curves  of  dependence  of  porosity 
on  the  thickness  of  covering,  an  average  thickness  of  covering  vas  selected 
vhlch  vas  determined  from  the  general  increase  of  veight  relative^ to  the  vhole 
surface  of  the  electrode.  From  Fig.  2.  it  is  evident  that  as  the' thickness  in¬ 
creases,  the  number  of  pores  falls  sharply  up  to  a  thickness  of  the  order  of 

after  vhich  the  curve  changes  direction  and,  as  the  thickness  increases 
further,  the  number  of  pores  changes  comparatively  slowly.^  Completely  non- 
popous  •  deposits  vere  not  obtained  even  vhen  the  thickness  vas  increased  to  55^» 

In  the  portions  I-II  the  large  number  of  pores  vas  due  to  the  fact  that  the 
thickness  of  the  deposit  vas  not  tr  it  leal**  ,  but  in  the  portion  II-III  the 
presence  of  pores  in  the  deposit  vas  caused  by  the  non-homogeneity  of  the 
surface  of  the  foundation  metal  of  the  cathode. 

Effect  of  current  density  on  the  porosity  of  electrodeposited  nickell  •  In 
Fig.  2  are  shown  curves  of  the  relation  between  the  number  of  pores  formed  in 
the  nickel  covering  and  the  current  density.  The  deposits  were  obtained  on  iron 
electrodes,  treated  in  the  *%tandard**  manner,  the  thickness  of  the  covering  being 
17"20^.2)  As  can  be  seen  from  this  figure  the  number  of  pores  passes  through  a 
minimum  at  a  certain  current  density.  The  smallest  number  of  pores  in  the  de¬ 
posit,  at* the  given  composition  and  temperature,  is  obtained  at  a  current  density 
of  2  A/dm*.  The  fact  that  the  number  of  pores  in  the  deposit,  when  plotted  against 
current  density  passes  through  a  minimum  may  be  explained  as  follows. 

t 

A  dense  and  uniform  metallic  deposit  is  obtained  over  a  definite  Interval  cf 
current  density.  The  large  number  of  pores  obtained  in  the  electrolytic  deposi¬ 
tion  of  nickel  at  lover  current  densltites  may  be  due  to  the  following  causes: 

1)  if  the  rate  of  deposition  of  nickel  crystals  is  less  than  the  rate  of 
passivation,  the  growing  crystals  will  rapidly 'become  passivated,  their  growth 
will  be  interrupted  [8],  the  connection  between  separate  crystals  vlll  become 
more  tenuous  and  the  deposit  will  be  loose  and  porous; 

2)  at  low  current  densities  the  deposition  of  metal  occurs  mainly  on  the 
more  active  parts  of  the  surface  because  of  the  comparatively  small  polarization 
of  the  cathode. 

As  a  result  of  this  the  deposition  of  metal  is  not  uniform  over  the  entire 
surface,  but  occurs  on  separate  parts  of  the  surface  of  the  cathode. 

As  the  current  density  Increases,  the  metal  deposits  on  the  less  active 
pajfts  [9],  and,  at  some  values  of  the  c.d.  the  deposits  obtained  are  more  compact 
euxd  uniform,  as  a  result  of  which  the  number  of  pores  is  reduced  to  a  minimum. 

With  further  elevation  of  the  current  density  the  mmber  of  pores  Increases, 
as  a  result  of  the  intensive  discharge  of  hydrogen,  which  is  controlled  by  the 
current  efficiency  for  nickel  (Fig.  3). 

•  •  . 

77  ‘  I  : 

J  In  studying  the  dependence  of  the  number  of  pores  on  samples  of  different 

kinds  of  Iron,  the  absolute  number  of  pores  changed  somewhat,  but  the  dependence 
remained  the  same. 

*)  Change  of  thickness  from  17”20U-scarcely  affected  the  number  of  pores,  as 
can  be  seen  from  Fig.  1.  ' 
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•  ;  Sffgct  of  surface-actlvg  substances  on  the  porosl'ty' of  electro-deposited 
nickel.  The  effect  of  various  surface-actlve  substances  (acetone^  formaldehyde^ 
n-cresol^  2,6-and  2, 7-naphthalenedl sulfonic  aclds^  etc*). on  the  porosity  of 
nickel  deposits  vas  studied.  , 

The  results  of  the  investigation  of  the  dependence  of  the  number  of  pores 
on  the  current  density  vlth  different  additives  is  given  in  Fig.  k. 


Fig.  1.  Dependence  of  the  number  of 
pores  on  the  thickness  of  nickel  covering, 
A  =  Kumber  of  pores;  B  =  thickness  of 
covering  (inu.)* 


Fig.  2.  Dependence  of  the  number 
of  pores  formed  in  the, nickel 
covering  on  the  ciurrent  density  at 
the  cathode.  A  =  Humber  of  pores; 
B  *  current  density  (in  A/dm^). 


flg«  5»  Current  efficiency  for  the 
deposition  of  nickel  from  solution  with¬ 
out  additives  as  a  function  of  current 
density.  A  =  Current  efficiency  (in 
B  =  current  density  (in  A/dm^). 

As  can  be  seen  from  Fig,  in  the 
presence  of  organic  surface-active  sub¬ 
stances,  the  number  of  pores  as  a 
function  of  current  density  passes  through 
a  minimum,  and  this  minimum,  for  additives 
such  as  acetone,  formaldehyde,  2,6-  and 
2,7-naphthalenedlsulfonlc  acids.  Is 
displaced  towards  lover  current  densities 
In  comparison  with  the  minimum  of  the 
porosity  curve  for  a  pure  electrolyte. 

From  Fig.  4  it  Is  evident  that 
the  minimum  number  of  pores  in  the  de¬ 
posit  during  electrodeposition  of  nickel 
vas  formed. from  a  solution  to  which  the 


Fig.  4.  Dependence  Of  the  number 
of  pores  formed  in  a  nickel  deposit 
on  the  current  density  at  the  cathode 
with  verious  surface-active  siib- 
stances  as  additives. 

A  =  Number  of  pores;  B  =  c.d.  (in  A/dm^), 
The  following  were  added  to  the 
electrolyte:  1  -  0.15  g  cresol/liter; 

2  -  formaldehyde  8  ml/llter;5  -  acetone 
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2,6^  and  acids,  proposed  by  Kudryavtsey  had  been  added.' 

'  The  displacement  of  the  minimum  of  the  curve  for  pure  electrolyte  vhen 
surface-active,  substances  are  Introduced  Is  due  to  the  fact  that  after  the  In¬ 
troduction  of  'such  additives,  compact  and  uniform  deposits  are  obtained  only  at 
lover  current  densities.  It  has  been  shown  by  Loshkarev  and  co-vorkers  that  vhen 
surface-active  substances  are  Introduced  Into  the  electrolyte  the  current  density 
necessary  for  the  production  of  c(xapact  and  uniform  deposits  Is  lowered. 

Thus,  the  displacement  of  the  minimum  of  these  curves  towards  lover  current 
densities  Is  conditioned  by  the  fact  that  more  compact  and  uniform  deposits 
are  obtained  only  at  low  current  densities. 

Increase  of  the  number  of  -poreB  with  Increase  of  current  density  In  the  . 
presence  of  certain  substances  (formaldehyde,  acetone)  Is  caused  by  the  fact 
that  these  substances  are  extensively  reduced  on  separate  parts  of  the  cathode 
surface,  causing  pores  to  be  formed  similar  to  those  vhen  hydrogen  separates  on 
the  cathode.  • 

‘  SUMMARY 

1.  It  has  been  established  that  the  number  of  pores  of  elecbrodeposlted 
nickel  decreases  sharply  with  Increasing  thickness  up  to  a  definite  limit:  with 
further  Increase  of  the  thickness,  the  number  of  pores  change  very  little. 

2.  It  has  been  shown  that  the  plot  of  the  number  of  pores  against  the 
current  density  passes  through  a  minimum. 

5*  been  established  that  when  surface-active  substances  are  added, 

the  number  of  pores  may  be  decreased  or  Increased  by  comparison  vlth  the  number 
formed  In  an  electrolyte  vlthout  such  additives. 
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ELBCTRODEPOSITIOH  OF  COBALT 
P.9.  Kovalenko 


•  V.M.Molotov  State  University,  Rostov  -  on  -  Don 


Existing  methods  for  the  electrolytic*  determination  of  cohalt  for 
Its  separation  from  other  metals  suffers  fronr  a  number  of  deficiencies,  due  to 
the  tendency  of  cobalt  to  oxidize  and  to  deposit  on  the  anode  In  the  form  of  an 
oxide  [1].  The  usual  method  for  the  electrolytic  deposition  of  cobalt  from 
ammonlacal  solution  requires  strict  control  of  the  cathode  potential;  under 
adverse  conditions  the  metal  Is  deposited  on  the  cathode  In  a  spongy  form  And 
on  the  anode  as  a  peroxide.  It  has  been  recommended  to  determine  the  smaLl 
quantity  of  cobalt  remaining  In  the  solution  color imetrlcally  [2].  Lxindel  and 
Gofman  added  sodium* sulfite  to  the  ammonlacal  solution  for  the  electrodeposition 
of  cobalt  [3]-  However,  In  this  case  the  deposits  of  metallic  cobalt  always 
contain  elementary  sulfur  [2].  Some  Investigators  have  used  oxalates  as  buffers, 
but  obtained  unsatisfactory  results  because  the  metal  separating  at  the  cathode 
always  contained  carbon  [2,  4]. 


As  was  shown  In  the  experimental  part.,of  our  work,  oxalates  are  excellent  *  • 

additions  for  the  electrodeposition  of  cobalt;  when  a  definite  concentration 
of  hydrogen  Ions  Is  present,  and  within  known  temperature  limits,  a  lustrous  . 
deposit  of  cobalt  Is  obtained,  adhering  firmly  to  the  cathode  and  containing 
no  carbon. 

■  ^  EXPERIMENTAL 


In  order  to  study  the  problem  of  avoiding  the  separation  of  cobalt  as 
oxide  at  the  anode  and  as  a  spongy  metallic  deposit  at  the  cathode,  we  studied 
the  effect  of  a  number  of  factors  on  the  behavior  of  cobalt  during  electrolysis: 
the  concentration  of  ammonium  oxalate,  the  pH,  and  the  temperature  of  the 
solution.  The  pH  was  determined  by  the  Boggendorff  compensation  method,  using  a 
hydrogen  electrode.  The  temperature  was  maintained  within  ±  0.5*,  by  a  water 
thermostat.  Gauze  electrodes  were  used  (Fischer).  The  investigation  was  carried 
out  at  pH's  of  2,  4,  6,  8  and  10,  at  temperatures  of  20,  40,  60,80  and  100*  emd 
at  concentrations  of  ammonium  oxalate  of  0.21  and  0.28  mol/llter.  The  concen¬ 
tration  of  cobalt  sulfate  was  0.06  H.  •  .  .  . 

Effect  of  pH  of  the  buffered  oxalate  solution  on  the  decomposition  potential 
!  and  the  discharge  potential  of  cobalt.  In  the  electrolysis  of  cobalt  from  a 
solution  containing  0.21  mol/liter  of  ammonium  oxalate,  of  pH  2,  a  perceptible 
decomposition  of  the  oxalate  was  observed.  The  rate  of  electrodeposition  of  cobalt 
was  not  very  fast;  In  two  hours  of  electrolysis,  8^^  of  It  separated  In  the  form 
;  of  a  friable,  grainy  deposit.  When  the  pH  was  raised  to  4,  the  rate  of  deposition 
of  metal  was  considerably  Increased;  In  the  course  of  two  hours  of  the 

cobalt  separated  out.  The  decomposition  potential  Increased  considerably  at  the 
same  time  (1.12  to  1.7  V).  The  discharge  potential  remained  considerably  more 
negative.  The  quality  of  the  deposit  had  Improved  considerably;  It  was  dense, 
fine  grained,  but  already  dull  gray,  with  a  blackish  tinge.  Raising  the  pH  of 
the  solution  to  6  Increased  the  rate  of  electrolysis  still  more;  In  the  course 
of  2  hours  the  cobalt  was  completely  discharged,  but  the  qualtlty  of  the  deposit 
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was  even  worse  than  In  the  electrolysis  of  netal  at  pH  2.  Rroni  heln^  CP^^y# 

In  the  preceding  cases,  the  deposit  of  cohalt  became  hlackish-hrown  as  a  result 
of  precipitation  of  carbon  formed  by  reduction  of  the  oxalate  Ions.  Adjusting 
the  pH  to  8  caused  the  rate  of  electrolysis  to  be  lowered  by  a  factor  of  approx¬ 
imately  5  (22.55&);  the  quality  of  the  precipitate  Improved  however,  but  the 
deposit  was  not  distributed  uniformly  over  the  surface  of  the  electrode.  Finally, 
by  Increasing  the  pH  to  10,  the  rate  of  deposition  of  cobalt  was  Increased  again; 
in  two  hours^^  605t  of  vas  discharged. 

Adjusting  the  electrolyte  to  a  strongly  alkaline  reaction  with  ammonia  In¬ 
creased  the  amount  deposited  on  the  cathode  (/^^88.2^).  However,  analysis  of 
the  brown  deposit  separated  showed  that  It  contained  only  27^  of  metallic  cobalt. 
The  rest  was  Impurity  composed  of  products  of  the  breakdown  of  ammonium  oxalate. 

According  to  Klassea  [5],  oxalate  Ions  decompose  under  the  Influence  of  €ui 
electric  current  with  formation  of  NH3  and  CO2;  carbon  dioxide  Is  then  reduced 
to  csirbon,  which  precipitates  along  with  metallic  cobalt.  Later  Investigations 
showed  that,  when  using  oxalates,  carbon  may  separate  either  In  the  purely  colloidal 
state  or  In  the  form  of  carbon-containing  compounds,  the  formation  of  which  Is 
explained  by  the  movement  of  the  colloid  particles  to  the  cathode  [^J.  The 
metallic  cobalt  formed  apparently  acts  catalytlcally,  only  facilitating  the 
decomposition  of  the  oxalate  Ions. 

Ihls  decomposition  of  ammonium  oxalate  was  fairly  extensive  In  our 
experiments  at  almost  all  pH  values. 

The  results  of  this  series  of  experiments  are  given  In  Table  1,  the  data 
of  which  shows  that  the  magnitude  Ep  grows  with  Increase  of  pH.  The  residual 
Increase  of  decomposition  voltage  in  going  from  pH  4  to  6  (for  0.21  mol/llter  of 
ammonium  oxalate  solution)  Is  due  to  a  change  of  the  anode  process  which  causes 
a  sharp  reduction  of  the  anode  potential  for  this  change  in  value  of  the  acidity. 

The  results  of  this  series  of  experiments  MB  t 

are  set  forth  In  Table  1,  showing  that  E^.  steadily  a 

Increases  as  the  pH  Increases.  The  absence  of  any  •  A) 

Increase  In  the  decomposition  potential  between  x  ^ 

pH's  of  4  and  6  Is  connected  with  a  change  In  the  o.i  2P  • 

anode  process,  which  causes  a  sharp  lowering  of  - 

the  anode  potential  between  these  pH  values.  fO-  ^ 

Increase  In  the  values  of  and  Ej^  as  the  pH  f  \ 

increases  Indicates  that  a  very  much  more  stable  ol _ i  »  t>  fi  , 

oxalate  complex  Is  forced  with  the  cobalt  Ion.  •  t 

This  Increase  in  the  stability  of  the  complex  ^  ^  ^  . 

results  In  a  resistance  to  Its  decomposition  at  Flg.l.  Dependence  of  curiTnt 

the  cathode.  stremrth  on  the  Ph  at  ammon- 


The  rate  of  deposition  of  cobalt  Is  higher 
on  the  average  at  a  pH  of  6.  However,  the  qual¬ 
ity  of  the  precipitate  Is  better  at  a  pH  of  4; 
consequently  this  pH  Is  the  optimum  In  the  given 
circumstances.  It  Is  Important  to  note  that  the 
current  strength  at  the  moment  of  discharge  of 
cobalt  Ions  Is  raised,  but  the  current  strength 
at  the  beginning  of  electrolysis  Is  lowered,  by 
Increase  of  pH  (Flg.l This  apparently  Is  due 
to  a  change  In  the  mobility  of  the  complex  Ions 
of  cobalt . 


Flg.l.  Dependance  of  current 
strength  on  the  Ph  of  ammon¬ 
ium  oxalate.  A  =  Initial 
current  strength  (in  mA);  B  * 
current  strength  when  dis¬ 
charging  Co  ions;  C  =  concen¬ 
tration  of  hydrogen  Ions  of 
the  buffer  solution.  Initial 
current  strength:  1  =  0.21  mol/ 
liter  of  solution  of  ammonium 
oxalate;  2  =  0.28  pol/liter  of 
solution.  Current  strength  dur¬ 
ing  discharge  of  Co:  5  =  0.21 
mol/llter  ammonium  oxalate  and  4= 
=  0.28  mol^ta:  ammonium  oxalate. 
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With  Increase  of  the  concentration  of  ammonium  oxalate  at  the  same  pfl  the'  • 
rate  of  electrodeposltlon  of  Co  was  observed  to  diminish  (Table  l).  Evidently, 

In  the  given  case  an  Increase  In  concentration  of  ammonium  oxalate  Increases 
the  stability  of  the  complex  Ion.  It  vas  earlier  shown  by  us  [6]  that  the 
•  concentration  of  the  buffer  solution  has  a  great  Influence  on  the  rate  of  eleictro* 
deposition  of  metal.  Thus^  In  the  study  of  the  effects  of  concentration  of  sodium 
citrates  and  tartrates  on  the  rate  of  electrodeposltlon  of  copper,  bismuth, 
cadmium,  and  lead.  It  was  discovered  that  as  the  concentration  of  these  buffers 
Increased,  the  quantity  of  metal  deposited  decreased,  apparently  as  a  result 
of  a  diminution  of  the  mobility  of  complex  Ions. 

Effect  of  pH  of  Oxalate  Solutions  on  the  Decomposition  Voltage  and  the  Discharge 
_  Potential  of  Co 


Quantity  of  metal  Volt-  Qiiallty  of  deposits 

deposited  In  3  hours  age 
of  electrolysis  at 


1.121 

1.70 


*0.105  0.00142 

-0.459  0.0102 


■0.596 

-0.604 


.0178 

.004 


100.0 

22.5 


Strongly 

amiaonlacs 


-0.627  0.0106 


-0.798  0.0165 

-0.197  .  0.00 
-0.390  0.0066 

-0.485  0.0120 

-0.445  0.0014 

-0.592  0.0136 


88.23 

0.00 

37.8 

67.4 

7.86 


Friable,  rou^ 

Dense,  fine  grained 
dull  gray. 
Blackish-brown. 

Dense,  dull  diffi¬ 
cult  to  distinguish 
from  platinum,  yell¬ 
ow  In  places. 
Yellowish,  dull  not 
uniformly  distributed 

Blackish  and  friable 

Yellowish  gray, 
uniform 

Gray,  adhering  well 
I^le  yellow,  dull, 
uniform 

Black,  slightly 
rough 


From  Table  1  It  Is  evident  that  while  in  the  electrolysis  of  cobalt  In  0.28 
mol  ammonium  oxalate  at  pH2  the  value  of  Ep  Is  larger  and  the  value  of  Ej^  Is 
more  negative  than  In  0.21  mol  solution  of  the  buffer,  at  other  pH  values  such  an 
elevation  vas  not  observed.  It  Is  evident  that  In  0.28  mol  solution  of  ammonium 
oxalate  at  pH*6  of  4,  6,  8  and  10  the  decomposition  of  oxalates,  as  a  result  of 
cathodic  depolarization,  proceeds  vigorously,  as  Is  diovn  by  the  decomposition 
potential  and  the  discharge  potential  for  cobalt. 

Effect  of  temperature  on  the  potentials  of  decomposition  and  discharge  of 
cobalt.  In  order  to  find  the  optimum  temperatures  for  the  electrolysis  of 
solutions  and  to  study  their  effect  on  the  course  of  electrodeposltlon  of  cobalt, 
experiments  were  carried  out  at  the  optimum  pH  of  4,  at  ammonium  oxalate  concen¬ 
trations  of  0.21  and  0.28  mol/llter,  and  at  temperatures  of  20,  40,  60  80  and 


t 
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100*.  The  results  of  these  Investigations  eure  shovn  In  Table  2* 

'  -  -  TABIZ  2  . 


•Effect  of  Temperature  on  the  Decomposition  Voltage  and  Discharge  Potential 


for  Cobalt 


.Tem- 

Concen- 

Decom- 

Dls- 

Quantity  of  metal 

Volt- 

pera- 

tratlon 

position 

charge 

deposited  In  3  hours 

age' 

- 

ture  of 

voltage. 

poten- 

of  electrolysis 

at 

Quality  of  deposits 

*  solutl- 

onlum 

Ep  for 

tlal 

which 

on  (in 

oxalate 

C§  (V) 

Ep  for 

(g) 

(5t> 

Co  de- 

•c) 

(in  mol/ 

Co  (V) 

posits 

. 

liter) 

1 

(v)_ 

20 

1.70 

-0.459 

0.0102 

57.3 

2.4 

Dense,  fine  grained, 
matte:  gray 

40 

1.35 

-0.466 

0.0122 

68.55 

2.0 

Slightly  matte, 
hard,  with  black 
streaks 

60 

0.21  ' 

1.26 

-0.490 

0.0139 

72.40 

1.8 

Dark  gray,  non- 

uniform,  dense 

80 

1.20 

-0.493 

0.0161 

90.94 

1.7 

ditto 

-•  .100 

L 

1.15 

-0.505 

0.0178 

100.0 

1.8 

Fine  grained, 
lustrous,  dense, 
uniform 

*20 

1.25 

-0.390 

0.0066 

37.8 

1.8 

Yellow-gray,  uniform 

4o 

1.20 

-0  393 

0.0016 

9.0 

1.9 

Black,  dull,  dense 

60. 

0.28  - 

1.20 

-0.466 

0.0115 

64.5 

1.8 

Matte,  dark  gray, 
non-uniform 

80  '  ' 

1.20 

-0.1195 

0.0176 

99.0 

1.8 

Dark  and  gray  matte 

.100 

1.00 

-0.520 

0.0053 

29.0 

1.7 

Dense , lustrous , fine 

grained. 


In  the  electrolysis  of  cobalt  In  0.21  mol/liter  ammonium  oxalate  at  40*  no 
marked  separation  of  gas  bubbles  vas  observed  on  the  cathode  or  anode  but  Instead 
a  brovn  streaky  deposit  appeared  on  the  points  of  contact  of  the  glass  anode 
supports  with  the  walls  of  the  cathode,  which  was  evidence  of  the  simultaneous  forma¬ 
tion  of  gas  and  separation  of  metal.  At  60*  the  deposit  of  cobalt  was  friable  dark 
gray  and  not  uniformly  distributed  on  the  cathode,  and^simultaneously  there  was 
vigorous  ^s  formation  on  the  electrodes.  Raising  the  temi)erature  to  80*  Improved 
the  qualtity  of  the  deposit;  It  became  denser  and  adhered  more  strongly  to  the 
cathode,  although  It  remained  dark  gray.  The  cobalt  deposited  more  compactly  on 
solid  cathodes  than  on  gauze  ones.  Only  by  raising  the  temperature  to  100*  was 
It  possible  to  obtain  cobalt  In  the  form  of  a  lustrous,  dense,  uniformly-distributed 
deposit.  Electrolysis  with  complete  deposition  of  a  metal,  carried  out  at  100* 
from  0.21  mol/liter  ammonium  oxalate  at  pH  4  (voltage  1.8  V)  lasted  la  all  5O-6O 
minutes  If  the  potential  was  not  Increased  gradually,  but  Immediately  brought  up 
to  1.8v,  at  which  the  current  strength  Increased  to  1.2A.  Under  these  conditions 
cobalt  precipitated  In  the  form  of  fine  grained,  dense,  lustrous  deposits  adhering, 
well  to  the  cathode.  The  fact  that  the  cobalt  had  deposited  completely  was 
checked  by  polarography  and  by  reaction  with  Ha2S. 


As  Is  shown  In  Table  2,  raising  the  temi>erature  of  the  solution  caused  a 
linear  Increase  In  the  quantity  of  metal  precipitated,  which  at  100*  became  10Q3&. 
Here  there  was  observed  a  phenomenon  which  was  considered  worthy  of  special  note. 
While  In  all  cases  of  electrodeposition  of  cobalt  at  buffer  solution 


1084 


temperatures  of  ftrom  20-80*  there  vas  observed  decomposition  of  the  aicaonium 
oxalate  vith  formation  of  carbon,  having  a  decided. influence  on  the  quality 
of  the  deposited  metal,  at  temperatures  of  95-100*  decomposition  of  ammonium 
oxalate  vas  accompanied  by  the  separation  of  CQ2  &nd  the  contamination  of  the 
cobalt  deposit  ceased.  .  *  '  I'  ’  * 

Such  a  phenomenon  vas  observed  by  Izgaryshev  and  Aryamova  in  a  study  of  the 
cathodic  reduction  of  oxalic  to  glyoxylic  and  glycolic  acids  in  the  presence 
of  sulfuric  acid,  using  lead  and  lead-amalgam  cathodes.  Platinum,  copper,  nickel, 
graphite  and  stainless  steel  cathodes  did  decompose  oxalic  acid;  only  hydrogen 
separated.  Izgaryshev  and  Aryamova  suggested  that  the  different  decomposition 
effects  at  different  electrodes  are  due  to  the  very  large  overvoltage  on  the 
first  electrode  by  comparison  vith  that  on  the  second.  ^ 

It  may  be  suggested  that  the  cobalt  separated  at  the  cathode  catalyzes  the 
decomposition  of  oxalic  acid,  so  that  vith  Increase  of  temperature  to  95-100*, 
the  decomposition  goes  to  carbon  dioxide,  vhich  escapes  from  the  solution  as 
bubbles  of  gas.  In  our  case  the  high  quality  of  the  deposit  of  metallic  cobalt 
is  due  to  the  high  temperature  and,  in  part,  to  the  definite  value  of  the  pH 
of  the  solution,  to  vhich  no  attention  has  been  paid  In  electrolytic  analysis, 
vhere  the  deposition  has  been  carried  out  In  oxalate-buffered  solution. 

Figs.  2  .and  3  show  the  character  of  the  fall  of  decomposition  voltage  and  the 
displacement  of  the  discharge  potential  towards  negative  values  vith  Increase  of 
temperature.  The  lowering  of  the  decomposition  voltage  with  Increase  of  temper¬ 
ature  Is  due  to  the  gradual  reduction  of  the  anode  potential  (Fig.  2). 

As  observed  also-  In  the  electrolysis  of  cobalt  In  0.28  mol/llter  ammonium 
oxalate  (pH  =  its  rate  increases  in  the  temperature  Interval  of  40-8o*  and 
upon  reacting  temperature  of  100*  lonexpectedly  drops.  However,  at  100*  the 
deposit  of  metal,  as  In  the  electrolysis  of  the  0.21  mol  buffer  solution,  is  of 
good  quality  (fine  grained,  dense  and  lustrous J.  In  the  given  case  the  deccmx>06i- 
tlon  of  ammonium  oxalate  to  carbon  was  also  not  observed.  The  discharge  poten¬ 
tial  for  the  electrolysis  of  cobalt  in  0.23  mol/llter  solution  of  amnonliam  oxalate 
at  all  the  temperature  we  studied  vas  more  positive  than  In  the  electrolysis  of  the 
0.21  mol/llter  solution.  Only  at  O'lOO*,  when  there  vas  no  decomposition  of  xalate 
to  carbon,  vas  the  discharge  potential  of  cobalt  more  negative  than  In  Its  electro- 
deposition  from  0.21  mol/llter  buffer  solution. 

Thus  the  optimum  conditions  of  electrolysis  of  cobalt  should  be  taken  as 
^0.20  mol  ammonium  oxalate,  pH  4.0  and  95-^00*.  . ••  _  *  * 

Rate  of  electrodeposition  of  cobalt  under  optimum  conditions.  The  electro- 
deposltlon  of  cobalt  was  carried  out  at  a  voltage  of  1.8  V,  exceeding  the  de¬ 
composition  potential  by  55^»*  The  duration  of  electrolysis  vas  '60  minutes  and  . 
cobalt  solutions  of  various  concentrations  were  used  (from  O.OO6  to  O.06  Nj. 

The  rate  of  deposition  as  a  function  of  time  Is  Indicated  by  the  experimental 
results  given  in  Table  3- 

In  all  experiments  the  deposits  obtained  were  compact,  adhered  well  to  the 
cathode,  were  lustrous,  finely  crystallized,  and  contained  no  Impurities. 
Polarpgraphlc  examination  of  the  solution  shoved  that  the  quantity  of  cobalt  not 
discharged  corresponded  exactly  to  the  difference  between  the  quantity  of  metal 
Introduced  Into  the  solution  and  that  deposited  as  a  result  of  electrolysis. 

ITom  Table  3  it  is  evident  that  at  all  the  concentrations  studied  the  bulk  ofs  - 
cobalt  vas  deposited  in  approximately  40  minutes.  ....  .  .. 

With  decrease  of  the  Initial  concentration  of  cobalt  In  the  solution,  the 


rate  of  clectrodeposltloa  of  cobalt  fell  sharply.  The  remaining  thousandth 
and  ten  thousandth  of  a  gram  of  metal  separated  In  the  course  of  a  fairly 
long  time.  At  the  end  of  6o  minutes  of  electrolysis  the  quantity  of  cohalt 
not  separated  from  the  solution  vas  of  approximately  the  same  order  and  this 
small  quantity  of  cohalt  requires  a  fairly  considerable  time  for  Its  deposition. 
Practically  all  the  cobalt  Is  deposited  In  65-70  minutes  at  1.8  V  and  In  5O-60 
minutes  at  1.9  V.  .r  ,  .  • 

, .  .  ■  y .  ■  .  .  3  ‘  ^  • 

Variation  of  Rate  of  Electrodeposition  of  Cobalt  with  Time 


1  Quantity  of  cobalt  separated 

(g) 

W 

0.0060 

33.70 

0  0078 

43.80 

0.0144 

80.90 

0.0172 

96.63 

0.0206 

69.70 

0.0244 

82.50 

0.0286 

96.63 

0.0294 

99.32 

0.0865 

48.54 

0.141 

79.10 

0.170 

95.56 

0.1755 

98.87 

Initial  quantity  of 
cobalt  0.0178  g 
Cobalt  left  In  solution 
0.0006  g 

Initial  quantity  of 
cobalt  0.0297  B 
Cobalt  left  In  solution 

0.0002  g 

Initial  quantity  of 
cobalt  0.178  g 
Cobalt  left  In  solution 
0.0025  g 


•  table  k  •..  . 

Rate  of  Slectrodeposltlon  of  Cobalt  at  ein  Initial  Concentration  of  O.O6  N 


Quantity  of 
cobalt  de¬ 
posited 
(in  g) 


0.l4o8  . 
0.1704 

0.1760 


Rate-consteuit 
for  electro¬ 
lysis  of 
cobalt^  K 


7.96'l(r^ 

7.96-10-2 

7.5i*icr2 


0.0572 

0.0076 

0.0020 


Initial 
quantity  of 
cobalt  (g) 


0.178 

0.178 

0.178 


The  rate  of  deposition  of  cobalt  under  the  conditions  given  Is -well 
characterized  by  the  rate  constant  of  electrolysis,  related  to  a  solution  the 
Initial  concentration  of  which  Is  O.O6  N  (Table  4.j 

SUMMARY  ^ 

1.  It  has  been  shown  that  the  basic  factors  for  the  rate  of  clectrodeposltlon 
the  qualtlty  of  the  metallic  deposit,  displacement  of  the  discharge  potential 
and  change  of  the  decomposition  voltage  of  cobalt,  are  the  pH  and  temperature  of 
the  solution.  The  optimum  conditions  for  the  electrolysis  of  cobalt  are:  pH  4, 
temperature  95-100 ammonium  oxalate  of  concentration^Q20  mol/llter,  at  a 
voltage  of  1.8 
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Fig. 3*  Variation  of  discharge  poten* 
tial  for  Co  with  temperature. 

A)  discharge  potential  (in  V); 

B)  temperature  (in  *) 

1)  0.21  mol.  solution  of  (1114)20204; 

2)  dlttOj  0.2d  mol-. 


Fig. 2.  Variation  of  hath  voltage  in  the 
denomnoaltlon  of  6.10*^  Co  sulfate  solu¬ 
tion  with  temperature. 
a)  decomposition  voltage  (in  V) 

B)  temperature  (in  *) 

1)  0.21  mol.  solution  of  (NH4)2C204; 

2)  ditto,  0.28  mol. 


2.'  It  has  been  found  that  at  all  temperatures,  apart  from  95-100*#  there 
is  a  decomposition  of  ammonium  oxalate  to  carbon  in  the  electrodeposition  of 
cobalt,  vhich  facilitates  contamination  of  the  metal. 

5-  It  is  note  worthy  that  with  increase  of  the  concentration  of  ammonium 
oxalate  .the  discharge  potential  for  cobalt  becomes  more  positive,  which  is 
apparently  connected  with  the  side  process  of  ammonium  oxalate  decomposition. 
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CORROSION  OF  METALS  BY  HYDROCARBON  SOLUTION 
:  .  .OP  CARBOXYLIC  ACIDS  .  .  .  .* 


L.G. Gindin  and  V.A. Kazakova^ 


To  complete  the  investigation  of  the  corrosion  processes  occurring  during  the 
oxidative  cracking  of  gasolines  [1-6],  ve  undertook  a  stud/  of  the  action  on 
metals  of  h/drocarhon  solutions  of  certain  carboxylic  acids. 

Very  little  attention  seems  to  have  been  paid  to  this  matter  in  the 
literature.  Matthews  (19P5)  [7]  vas  apparently  the  first  to  draw  attention  to 
the  very  destructive  action  of  trichloroacetic  acid,  dissolved  in  benzene  and 
kerosene,  on  metals.  However,  we  did  not  find  any  further  information  about  - 
this  matter  in  his  paper.  Bespolov  (1931)  [8]  investigated  the  action  of 
declnormal  solutions  of  formic,  acetic,  propionic,  butyric,  valeric,  caprolc,  and 
stearic  acids,  dissolved  in  gasoline,  ,  on  copper  and  lead.  These  experiments 
of  Bespolov* s,  however,  were  only  exploratory  in  nature  and,  in  the  words  of 
the  author  himself,  need  confirmation.  He  found  that,  as  the  molecular  wel^t 
of  the  acids  increases  (fi*oa  C2H4O2  to  CeHizQs)  their  corrosive  power  increases. 
Rrutton  et  al  (19^5)  [9]  investigated  the  corrosion  of  lead  and  cadmium  by 
solutions  of  laurlc  acid' in  mineral  oil,  xylene  and  benzene  as  a  function  of 
their  concentration,  temperature,  oxygen  pressure  and  other  factors.  These 
workers  came  to  the  conclusion  that  the  presence  of  oxygen  or  of  peroxides  is 
necessary  for  corrosion  and  that,  when  stable  solvents  are  used, the  quantity 
of  oxygen  adsorbed  is  equivalent  to  the  quantity  of  metal  corroded.  The  limit¬ 
ing  rate  of  corrosion  of  lead  in  solutions  of  lauric  acid  dx/dt  in  the  presence 
of  oxygen,  and  over  wide  limits  of  acid  concentration,  can  be  expressed  by  an  : 

equation  of  the  type  dx/dt  =  kP  where  the  dependence  of  the  constant  k  on  the 
temperature  Ic:- 

’  >®8iok  ^  +0.  - 

Like  Denison  (l9^)  [10],  Prutton  et  al  maintained  the  view  that  the  process 
of  corrosion  of  lead  and  cadmium  in  the  solutions  mentioned,  occurs  in  two 
stages: 

.  '  '  ;  2  Me  +  Qz  2  MeO, 

MeO  +  2RC00H  Me  (RCOOjz  +  H2O. 

The  rate  of  corrosion  of  lead  in  benzene  and  xylene  solutions  of  laurlc  acid, 
in  the  presence  of  oxygen,  at  temperatures  of  ^0-60*  is  limited  by  the  rate  of 
oxidation  of  the  metal,  and  at  temperatures  between  60  and  70*  diffusion  of  Qg 
through  the  Insoluble  film  of  lead  soap,  and  above  70*  by  the  diffusion  of  oxygen 
through  the  liquid  diffuslonal  layer.  Although  in  the  absence  of  acid  no  corrosion 
was  visible  in  .  pure  solvents,  none  the  less  its  rate  vas  limited  more  by  the 
diffusion  or  oxidant  to  the  metal  and  by  the  reaction  of  the  one  with  the  other, 
than  by  the  concentration  of  the  acid.  Experiments  on  the  corrosion  of  lead  at 
8O-IOO*  by  solutions  of  laurlc  acid  in  mineral  oil  and  xylene  showed,  in  the  words 
of  Rrutton  et  al,  that  the  concentration  of  acid  (which  was  varied  over  the  fairly 
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non-electrolytes. 


vide  range  of  0.04  -  0.2^  mol/llter,  has  only  a  small  effect  on  the  rate  of  the 
process.  In  benzene  and  xylene  solutions  the  corrosion  of  lead  proceeds  at  the 
same  rate,  vhile  in  mineral  oil  its  rate  is  ten  times  slower  on  account  of  the 
greater  viscosity  of  this  oil.  Finally  from  experiments  on  xylene  solutions 
of  lauric  ecld  it  emerged  that  the  rate  of  corrosion  of  lead  was  little  affected 
by  the  moisture  content  of  the  solution.  In  the  absence  of  oxygen  or  peroxides, 
lead  was  not  observed  to  corrode  In  solutions  saturated  vith  moisture  even  at 
100*  vhile  in  the  presence  of  oxygen  the  rate  of  corrosion  by  moist  solutions  vas 
somewhat  less  than  that  by  dry  solutions.  The  behavior  of  cadmium  was,  in  all. 
essentials,  identical  vith  that  of  lead. 

•  The  treatment  of  the  corrosion  processes  by  Prutton  et  al,  who  described 
them  as  *^urely*'  chemical  processes  proceeding  exclusively  through  oxide 
formation,  is  not  In  accordance  vith  the  facts  as  we  attempt  to  show  in  another 
paper.  *  . .  *  .  • 

In  order  to  accumulate  experimental  material  relative  to  the  processes  of 
corrosion  of  metals  by  hydrocarbon  solutions  of  cazboxylic  acids,  we  undertook 
the  Investigation  of  the  action  of  acetic,  propionic,  n-valerlc,  and  n-caproic 
acids  in  isooctane,  benzene  and  petroleum  ether  on  magnesium.  Iron  and  lead. 

*  •  -  -  t  '  EXPERIMENTAL  .  ’ 

Method  of  investigation.  The  composition  of  the  metals  studied  is  set  forth 
in  Table  1;  the  physical  constants  of  the  acids  and  solvents  in  Tables  2  and  3* 

The  solvents  were  carefully  dried  with  sodium  and  were  then  distilled  from 
it  into  the  flasks  in  which  the  solutions  were  prepared.  The  experiments  were 
carried  out  in  test  tubes  closed  with  treated  cerks^  from  hooks  in  which  the 
pieces  of  metal  (2x20x60mm)  were  suspended,  completely  immersed  in  the  solution. 

The  test  tubes  were  set  aside  at. room  temperature  in  diffused  light,  usually  for 
about  10  days,  after  which  the  solutions  were  titrated  amd  the  losses  of  metal  deter- 
.mlned.  Comparison  of  the  quantity  of  reacted  metal  and  acid  gave  in  the  majority 
of  cases,  a  determination  of  the  composition  of  the  corrosion  products,  which  had 
a  considerable  significance  for  the  characteristics  of  the  processes  studied. 

■  '  '  ‘  TABI£  1  •  • 


_ Chemical  Composition  of  the  Metals  Examined 

•  Metal  Cu  Mn  Si  Fe 


Magnesium  . . I  —  I  -  ITraces 


Bi  Zn 


39 

sol 

ut 

ions  of  ace 

w« 

^d 

tha 

t 

the  corrosl 

s< 

?d 

in 

go 

ing  from  tt 

sc 

5ll 
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ns 

of  caprolc 

1( 

Lc  a 

ci 

d  and  8  tii 

c,  propionic,  n- valeric  and  n-capr: 
ness  of  the  acids  under  the  conditio 
lover  to  the  higher  homologs.  The  1 
nd  valeric  acids  was  4  times  higher 
1  that  in  acetic  acid  solutions.  (Tab 

of  acids  having  different  concentrat 


it  emerges  from  the  data  of  Tables  5  -  11,  in  particular,  that  the  dependence  of 
the  extent  of  corrosion  on  the  acidity  of  the  solution  depends  on  the  metals  and 
acids  involved. 

This,  however,  did  not  prevent  access  of  atmospheric  oxygen,  necessary  for  the 
progress  of  the  corrosion. 


•:  •.  ..-J  ■ 

•  TABIZ  2 


'  Constants  of  the  Carboxylic  Acids  Investigated 


•  Acid 

B.p./ 

750  mm 

H«  (In  •) 

B.p./ 

28  mm 

Hg  (in  •) 

Free¬ 
zing 
point 
_iln  •) 

Melt¬ 

ing 

point 

Remarks 

Acetic 

Propionic  . 

n-Valeric  . 

n-Caproic 

1.04926 

0.99340 

0.93906 

0.92715 

116.0 

l4l.0 

186.3 

205.0 

119.5 

16.85 

-21.7 

“33.8 

“  3.8 

-21.7 

“33.8 

“  3.8 

"Limited  purity" 
preparations  syn¬ 
thesized  by  IREA  at 
special  request 

Chemically  pure 
glacial  acetic^. 

1.0485 

116-116.5 

• 

Repeatedly  frozen 
out  and  re-distilled 

The  majority  of  the  experiments  vere  carried  out  with  "limited  purity"  acids 
and  only  a  few  with  chemica  ly  pure  CH3CCX)H.  . 


If  the  dependence  of  the  loss 
of  metal  p  on  the  concentration 
C  of  the  solutions  is  expressed  by 
an  equation  of  the  type  p  * 
then  n>l  for  the  case  of  Fe- 
“CHsCOOEf  Kff^HaCOOH  and  Mg'^HaCHg* 
-COOH  and  n<l  for  the  confosion  of 
Hg  in  solutions  of  CH3(CH2j4C00H 
and  of  Fbr-CH3CH2C00H. 

!Ibe  loss  of  Pb  in  l.Jf4  H 
solutions  of  caproic  acid  did  not 
exceed  its  loss  in  0.^4  H  solutions 
(Table  10). 


.  TABIZ  3 


Characteristics  of  the  Solvents  Investigated 


Solvent 

B.p./ 
765  mm 
(in  •) 

Remarks 

Isooctane  . 

'R#»ny.f»ne  ....... 

0.700 

0.874 

97““99 

80.5 

Technical 

Petroleum 

prdduct 

.......... 

0.712 

So— 80 

’  -  -  - 

*  Further  examination  of  the  data  shows  that  in  the  various  solutions^  salts 
of  different  compositions  are  formed,  depending  on  the  nature  of  the  hydrocarbon 
and  the  acids  and,  ^hich  needs  emphasis),  on  the  concentration  of  the  latter  in  the 
solution.  •  _ 


In  this  connection  let  us  turn  our  attention  to  the  composition  of  these  salts. 
Judged  by  the  relative  quantity  of  reacting  jnetal  and  acid,  in  the  corrosion  of 
magnesium  in  benzene  solutions  of  acetic  acid,  the  neutral  salt  Mg(CH3C00)2  is 
obtained  (Table  5).  On  the  other  hand,  in  the  corrosion  of  the  same  metal  in 
Isooctane  solutions  of  acetic  acid,  an  acid  salt  is  formed:  Mg(CH3C00)2*2CH3C00H- 
In  these  cases  the  composition  of  the  salt  does  not  depend  upon  the  concentration 
of  the  acid  (Tables  5  and  6).  In  the  corrosion  of  magnesium  and  lead  in  Isooctane 
solutions  of  propionic  and  caproic  acids  (Tables  7-10)  the  composition  of  the  salts 
was,  on  the  other  hand,  determined  by  the  concentration  of  the  solutions.  In  low 
concentrations  the  normal  salts.  Me (R*C00 J2,  vere  obtained  and  In  strong  solutions 
acid  salts  having  the  composition  He(R*C00)2*n-KC00H.  When  the  molecular  wel^t  of 
the  acid  was  raised,  the  'solubility  of  the  acid  salt  in  isooctane  Increased. 

Starting  with  an  almost  zero  solubility  of  the  acid  acetates  eind  a  very  weak  solu¬ 
bility  of  the  acid  propionates  we  found  a  comparatively  hl^  solubility  for  the 
acid  caproates.  . 


Loss  of  Loss  of  Loss  of  Loss  of 
magr.eslua  acid  magnesiua  acid 


Concentration  of  Initial  solution 


1.03^1 

5.V 

0.0108 

0.05 

1.2503 

6.2 

0.0162 

0.07 

1.057^. 

5.6 

O.02U2 

0.13 

1.107 

-  . 

0.017 

White  crystalline  deposit  on  the 
magnesiua  saii^>le 


Concentration  of  Initial  solution 


/U  N 

0.12 

N 

0.1355 

0.76 

0.0078 

0.040 

0.1376 

0.76 

0.0116 

0.060 

0.1360 

0.76 

0.0166 

0.10 

0.156 

0.012 

Concentration  of  Initial  solution  0.551 


Salt  formed  corresponding  to 
the  formula  Mg(CH3C00)2 


0.0283 

O.Q528 

0.0522 

O.OI45 

n 


In  this  and  subsequent  tables  the  averages  of  the  figxires  set  out  are  given 
In  the  first  columns. 
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*  ;■  .  ;  •  TABIZ  6  .  '  - 

•  •  • 

Cosxpositlon  or  Salts  Formed  in  .the  Corrosion  of  Kagneslum  h/  Isooctane  Solutions 


of  Acetic  Acid 


Loss  of 
magnesium 

^Loss  of 
acid 

Hemarks 

Concentration  of  Initial 

solution  1.99  H  , 

0.3*^76 

2.91 

.  -  '  *  -  r  •  ■  • 

0.1(282 

3.66  . 

0.4086 

3.59 

Concentration  of  Initial 

solution  0.99  ■ 

* .  •'  u  •  .  V 

0.1542 

1.24 

Experiments  carried  out  under  different 

0.1500 

1.10 

conditions,  as  a  result  of  which  it  Is 

9 

Concentration  of  Initial 

hot  possible  to  compare  the  character- 

^  Istlcs  of  the  dependence  of  corrosion 

--.r. 

on  the  concentrations  of  the  acid  in 

0.0098 

0.09 

solution.  In  all  cases  a  salt  corres- 

0.00^ 

0.10 

ponding  to  the  formula  Mg (083000)2* 

0.0104 

0.09 

20H3C00Hwas  formed. 

Concentration  of  Initial 

V-  '  r' 

solution  0.10  H 

*  ’  .  i  .  .  ■ _ 

0.0018 

0.018 

0.0014 

0.018 

■**.•'*  7  • 

0.0016 

0.018 

■  ' 

However,  the  acid  caproates  dissolved  In  isooctane  better,  the  more  ftei^acld 
they  contained.  It  Is  possible  that  this  can  explain  the  similar  losses  of 
lead  In  0.5^  and  l.Wt^  N  solutions  of  caprolc  acid  (Table  10),. in  spite  of  the 
complete  solubility  of  the  acid  caproate  and  the  exposure  of  the  metal  surface  - 
as  a  result  of  this.  It  may  be  supposed  that  this  does  not  Increase  the  corrosion 
In  these  cases,  and  that  the  conversion  of  the  neutral  to  the  add  salts,  and  the 
solution  of  the  latter  In  Isooctane,  leads  to  a  ‘binding*  of  compeuratlvely  large 
quantities  of  acid  so  that  the  solutions  become  Impoverished  In  acid,  capable 
of  Interacting  with  metal. 

It  Is  'Interesting  that  In  solutions  of  acetic  acid  In  Isooctane,  the 
corrosion  of  iron  proceeds  with  the  formation  of  neutral  ferrous  acetate  Fe(CH3C00)2 
under  the  Influence  of  atmospheric  oxidation  (Table  11 

Thus  the  character  of  the  salts  formed  In  corrosion  depended  In  our  experi¬ 
ments  on  the  metal,  the  hydrocarbon  solvent,  the  molecular  weight  and  concen¬ 
tration  of  the  acid  In  the  solution.  •.  .. 

Effect  of  nature  of  solvent  on  the  corrosiveness  of  acid  solutions. 

Comparison  of  the  action  of  acetic  acid,  in  benzene  and  petroleum  ether^  (Tables 
12  and  15  on  magnesium  shows  twice  as  large  an  attack  on  magnesium  In  the  ether 
solution  than  in  the  benzene  for  apparently  similar  corrosion  In  both  solutions. 

On  account  of  the  shortage  of  Isooctane  we  replaced  it  by  petroleum  ether,  . 
whose  use  we  had  stopped  because,  in  the  corrosion  of  magnesium  In  petroleum 
ether  and  benzene  solutions  of  acetic  acid,  neutral  acetates  are  formed,  (while 
acid  acetates  aire  formed  In  Isooctane  solutions). 


The  corrosion  rates  vere  higher  In  the  first  moments  of  corrosion'.  Judged 
by  the  change  of  acidity,  and  decreased  considerably  vlth  time.  In  all 
probability  as  a  result  of  the  obstruction  of  the  surface  of  the  metal  by  the 
products  of  corrosion.  Weak  flashes  of  corrosion,  occurring  after  almost 
complete  ending  of 'corrosion,  (44-143  hours).  Indicated  a  new  penetration  of 
acid  through  layers  of  acetate  previously  not  penetrated.^  ,  • 

!  •  •  .  ,  •  iABi£  7  ^ :  -  ,  - 

. Corrosion  of  Kaaaeslum  by  Isooctane  Solutions  of  Bronlonlc  Acid 

Duration  of  experiments  40  days;  ^0  mi  solution 
In  each  test  tube 


Loss  of  acid 
(In  g) 


Concentration  of  Initial 
solution  1.4  H 

0.4284  ■  2.93 

0.4118  2.93 

0.4116  5.02 

.6.417~ 

Concentration  of  Initial 
solution  1.0  H 


0.1956  -  1.*^^ 

0.19^  1.65 

0.1960  I-I6 

0.196” 

Concentration  of  Initial 
solution  0.54  H' 

0.0708  •  0.43 

0.0718  0.47 

0.0706  ,  0.45  . 

0.071 

Concentoatlon  of  initial 
solution  0.23  H 

*0.0252  0.08 

0.0230  t).10 

0.0208  0.10 

0.022“ 

Concentration  of  Initial 
solution  0.03  N 

0.0078*  0.04 

0.0086  0.Q5 

0.0080  0.04 

b.ooST 


The  plates  of  magnesium,  shining  as 
though  polished,  covered  vlth  an 
adherent  transparent  glassy  deposit. 

A  small  quantity  of  the  corrosion  product 
(0.04  g)  was  found  In  solution.  The 
composition  of  the  salt  formed  corresponded 
to  Mg(CH3CH2C00)2  vlth  a  mixture  of 
MgCCHsCHaCOOjg  •  aCHsCHgCOOH 


On  the  samples  of  magnesium,  shining  as 
though  polished,  a  white  finely  crystal* 
llzed  deposit.  Composition  of  the  salt 
formed  corresponded  to  Mg(CH3CH2C00)2  • 


Surface  of  the  sample  obscured  by  coarse 
white  crystalline  deposit.  The  same 
coarse  deposit  on  the  vails  of  the  test 
tubes.  Composition  of  the  salt  formed 
corresponded  to  KgCCHaCHaCOO;^  , 


See  next  page  for  footnote^) 
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:  -  •*  TABLE  ft  ' 

V  .  . 

CorrosioQ  of  lead  isooctane  solutions  of  propionic  acids 
Duration  of  experiment  40  days;  ^0  ml  of  solution  in  each  test  tube 


Loss  of 
magnesium 

iiLfii _ 


Concentration  of  initial 
•  solution  1.^  H 


5.3112 

5.5940 

5.452 


U.92 

4.85 

4.85 


Concentration  of  initial 
solution  1.00  N 


3.3770 

3.6537 

3.3326 

3.448 


3.25 

3.43 

3.22 


Concentration  of  initial: 
solution  0.53  H 


2.5908 

2.0524. 

2.2480 


1.96 

1.64 

1.74 


2.297 

Concentration  of  initial 
solution  0.25  H 


1.3622 

1.1672 

1.5104 

1^279" 


0.91 

0.82 

0.91 


Concentration  of  initial 
solution  0.08  H 


0.4874 

0.4850 

0.4842 

0.4855 


0.29 

0.29 

0.29 


Bemarks 


The  plates  of  lead^  strongly  corroded, 
vere  covered  by  deep  corrosion  pits.  After 
vashlng  with  alcohol  the  plates  had  an 
unusual  shiny  appearance-  On  the  bottom 
of  the  test  tubes  there  was  a  thick  layer 
of  transparent,  colorless,  thick  liquid. 
Some  time  after  the  ending  of  the  experi¬ 
ment  this  liquid  usually  crystallized. 
0.004  g  of  salt  vas  found  in  solution. 

The  composition  of  the  salt  formed  corre¬ 
sponded  to  a  mixture  of  IbCCHaCHaCOoja 
and  Pb(CH3CH2C00)2*nCH3CH2C00H. 


Transparent  crystals  of  salt.  No  layer 
of  heavy  liquid.  Composition  of  salt  • 
corresponded  to  the  formula 
Fb(CH3CH2C00)2.  ... 


Effect  of  vater.  In  order  to  elucidate  the  effect  of  vater  dissolved  in  the 
hydrocartons,  on  the  corrosiveness  of  the  solutions  of  acids  ve  carried  out  a 
series  of  experiments  with  magnesium  immersed  in  solutions  of  acetic  acid  in  dry  * 
and  moist  petroleum  ether.  These  experiments  showed  that  the  moisture,  has 

By  distributing  the  substance  between  two  non-mi  sc  ible  solvents  [11]  one  of  '  ‘ 
which  vas  water,  in  which  the  acetic  acid  is  monomeric,  ve  determined  the  molecular 
state  of  CH3COOH  in  petroleum  ether.  Isooctane  and  benzene,  to  be  dimeric  in 
all  three  cases. 


«>iKi 
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•  ‘  •  -  tabiz  9  ■  *  t 

CoiToslon  of  magDeslum  in  isooctane  solutions  of  caproic  acid 
~  '  ■  Duration  of-  experiments  ^  days;  ^0  ml  of.  solution  in  each  test  tube 


Concentration  of  initial 
•aolution  l.M^  B 


0.^356 

0.38^ 


O.lHO 


Could  not  he  determined 
by  titration  on  account 
of  the  dissolution  of 
products  of  corrosion. 


Concentration  of  initial 
solution  0.3^  H 


0.3028 

0.2820 

0.2896 

0.291 


Could  not  be  determined 
by  titration  on  account 
of  the  dissolution  of 
products  of  corrosion. 


Concentration  of  initial 
solution  0.10  H 

0.0596  0.60 

0.0598  0.60 

0.06i;2.  .  0.60 

0.0^1 


Product  of  corrosion  evidently 
magnesium  acid  caproate^  found  entirely 
in  solution.  Solution  remained 
transparent. 


Plates  vere  covered  with  a  voluminous 
gelatinous  precipitate.  0.25  8  of 
salt  found  in  solution 


On  the  metal,  and  in  the  solution,  the 
same  sort  of  deposit,  only  in  smaller 
quantity.  No  salt  dissolved  in  the 
solution.  Composition  of  the  salt 
Mg[CHa(CH2)4C00l2 


absolutely  no  Influence  on  the  rate  of  corrosion.  The  loss  of  magnesium  in 
solutions  containing  water  (Table  1^^)  was  no  greater  than  the  loss  In  anhydrous 
solvent  (Table  13).  This  confirms  once  again  the  fact  that  water,  dissolved  In 
hydrocarbons-  In  quantity  ‘  Insufficient  to  form  a  new  phase,  does  not  raise  the 
corrosiveness  of  solutions  of  acids  In  them. 

According  to  Patten  [12],  and  also  Prutton  et  al  [9)#  moist  hydrocarbon 
solutions  of  acids  are  less  aggressive  than  dry  solutions.  Water  becomes 
corrosive  only  when  It  forms  a  second  phase.  The  aqueous  phase  of  such  a  two 
phase  system  Is  natiirally  aggressive  and  metals  placed  In  It  are  subject  to 
corrosion,  which  Is  particularly  Intense  at  the  zone  of  contact  between  the  two 
phases.  The  corrosion  of  metals  In  such  heterogeneous  systems’ has  been  studied 
in  detail  by  one  of  us  In  a  series  of  papers  [ 13-15 )• 
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TABLE  10 


Corrosion  of  lead  By  Isooctane 
Duration  of  experiments  UO  days;  50 


solutions  of  caprolc  acid  • 
ml  of  solution  In  each  test  tube 


Loss  of 
oagneslnm 

(in  g) 


Loss  of  acid 
(in  g) 


Bemarks 


I 


Concentration  of  lnltia\  solution  1.^  N 

1»5596  Could  not  be  determined  by 
1.0776  titration  on  account  of  the 

1.2101  dissolution  of  products  of 

1.209  ^  corrosion 

Concentration  of  Initial  solution  0.54  H 

1.2076  Could  not  be  deteralned  by 
1.2770  ^titration  on  account  of  the 
1 » 1330  dissolution  of  products  of 
I.2O0  J  corrosion 

Concentration  of  Initial  solution  0.10  R 


0.6728 

0.6632 

0.6728 

b.&9 


0.60 

0.60 

0.60 


Plates  liad  a  polished  appeeirance.  The 
corrosion  product  vas  probably 
entirely  lead  acid  coproate,  complete 
ly  dissolved  In  the  solution^  vhlch 
remained  transparent. 

On  the  lead,  and  on  tW  bottom  of  the 
test  tubes,  colorless,  coarse  • 
crystals.  Only  about  0.1  g  of  salt 
In  solution. 


The  surface  of  the  plates  covered 
with  a  thin,  white,  slightly  rou^ 
deposit.  Ro  salt  In  solution. 
Composition  of  the  salt  formed 
corresponded  to  Pb[C^(CH2)4C00l2 


.w 


TABIE  11 


Corrosion  of  Iron  by  Isooctane  solutions  of  chemically  pure  acetic  acid 
Duration  of  experiments  44  days;  90  ml  of  solution  in  each  test  tube 


Loss  of 
sagneslum 


Remarks 


Concentration  of  Initial 
solution  1.0  R 


1.2224 

1.2062 

1.2916 

1.240~. 


2.5 

2.6 

2.7 


Two  layers  of  corrosion  products  on  the  Iron 
plates. The  outer  thin,  ll^t  layer  consisted 
entirely  of  ferric  oxide.  The  Inner,  dense 
layer  consisted  of  ferrous  oxide  compounds. 
The  composition  of  the  salt  formed  correspon¬ 
ded  to  FeCCHaCOO^z 


Concentration  of  Initial 
solution  0.5  R  I 
0-^855  1  1.09 

X.IO 

1.09 


0.^976 

0.4558 

0S79 


Concentration  of  Initial 
solution  0.26  R 


0.1348 

0.1462 

0.1322 

0*137 


0.34 

0.35 

0.30 


A  brown  deposit  on  the  plates,  of  ferrous  and 
ferric  conpounds.  The  composition  of  the 
salt  the  same  as  above 


Table  11  continued  on  page  IO98 
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••  Concentration  of  initial 
solution  O.ll^  H 

0.0192  I  1 

S  I 

0.020  .  I  I 


Concentration  of  initial 
solution 

0.0026 

0.0008  . 

0.0018  '  Average 

0.002 


On  the  surface  of  the  plates 
dispersed  fine  corrosion  pits;  the 
corrosion  product  vas  composed  of 
ferrous  and  ferric  iron  compounds. 


■ .  ,  TABLE  12 

Corrosion  of  matnieslum  in  henzcne  solutions  of  acetic  acid 


(in  hrs)  1 

1  . 

1 

1  value  I 

1  Acidity  (i 

.n  mg  KOI 

i) 

0 

8832.8 

8332.8 

8332.8 

8532.8 

0 

0 

2 

8080.8 

8080.8 

8080.8 

8080.8 

252.0 

0.270 

‘  5 

8080.8 

8080.8 

8080.8 

8080.8 

2*52.0 

0.270 

48 

7817.6 

7817.6 

7817.6 

7817.6 

515.2 

0.534 

144 

7812.0 

7812.0 

7812.0 

7812.0 

520.8 

0.558 

216 

7761.6 

7789.6 

7716.8 

7756.0 

576.8 

0.618 

336 

■  7666.4 

7722.4 ; 

7666.4 

7685.0 

647.8 

0.694 

Loss  of  magnesiuzi 

1  (in  g/356  hours)  , 

•  •  • 

.  0.1986| 

1 0.1844 

CVJ 

• 

0 

0.1965  , 

1  -  1 

Remarks 


100  ml  of  solution  placed  in 
each  test  tube.  At  known 
time  Intervals  the  acidity 
of  the  solutions  vas  deter¬ 
mined,  from  which  the  prog¬ 
ress  of  the  corrosion  could 
be  assessed.  The  salt' formed 
corresponded  to  the  formula 
Mg(CH3C00)2 


TABLE  13 


Experimental  results 

Ko.l 

No. 2 

No. 3 

Mean 

value 

H) 

8332.8 
7890.4 
7805.2 
7397.6 
..  ,7397.6 

4.0  7044.8  7106.5 


0 

442.4 
527.6 
935.2 
,  935.2. 
1226.3 
1637.1 


73.6  [6843.2 16770.4I6695.7  .1  1637 

I^ss  of  magnesium  (in  g/336  hours) 
|o.36io1o.313^|o.4078  [0.3607  |  - 


1.514 

1.754 


Remarks' 


100  ml  of  solution  in  each 
test  tube.  At  known  inter 
vals  of  time  the  acidity 
of  the  solutions  was 
determined,  from  which  the 
course  of  the  corrosion 
could  be  assessed.  The 
salt  formed  corresponded 
to  the  formula  Mg(CH3C00)2 


*  TsT.  • 
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*IHVESTIGATIOJr*’OF  'tHE  EFFECT  OF  ADDITIONS  OF  SODIUM  COMPOUNDS 
*  •.  V  . .1.  ON  THE  SEMICOKING  OF  COAL 

M.  B.  Ravlch,  V.  A.  Lanin  and  V.  I.  Korshunor 


Hie  Industrial  senicoking  of  solid  fuel  developed  In  response  to  demands  of 
consumers  for  products  of  the  thermal  decomposition  of  coal.  Before  the 
development  of  the  petroleum  refining  Industry,  coal  vas  semlcoked  to  get  liquid 
fuel  for  Illumination.  The  solid  residue  vas  used  as  a  domestic  fuel.  Later  on 
the  process  of  semlcoklng  solid  fuel  was  carried  out  on  a  comparatively  limited 
scale,  because  the  main  Interest  vas  In  the  coking  of  coal  to  obtain  metallurgical 
coke.  In  recent  years  a  new  Interest  has  arisen  in  semicoking,  from  which  a 
primary  tar  can  be  obtained,  very  valuable  for  chemical  treatment.  Naturally, 
the  semicoking  Industry  can  only  be  developed  on  the  basis  of  the  complete 
utilization  of  all  the  products  obtained  In  the  process.  Semlcoklng  gas  Is  of 
considerable  Interest  for  the  gas  supply  of  a  number  of  towns  and  industrial 
centars,  and  likewise  as  a  raw  material  for  chemical  industries.  The  solid 
carbonaceous  residue  obtained  in  the  process  of  semlcoklng  provides  h  smokeless 
fuel  for  electric  power  stations.  Industry,  transport  auad  domestic  use.  Work 
on  the  low  temperature  treatment  of  solid  fuel  has  in  large  part  dealt  with 
determining  the  optimum  conditions  for  semlcoklng  and  for  treating  the  primary 
tar  to  obtain  the  largest  yield  of  liquid  products. 

The  addition  of  various  substances  with  a  catalytic  action,  which  has 
attained  vide  use  In  the  industrial  treatment  of  petroleum,  has  scarcely  been 
studied  in  its  application  to  semlcoklng.  There  are  only  individual  reports 
that  some  mineral  additions  to  fuel  undergoing  semlcoklng  cause  a  change  in  the  ' 
yield  and  composition  of  the  semlcoklng  products. 

Several  Investigations  on  the  reactivity  of  solid  fuel,  carried  out  In  the 
Fuel  and  Combustion  Laboratories  of  the  Elnergetlcs  Institute  of  the  USSR  Academy 
of  Sciences,  have  shown  that  the  addition  of  some  sodium  compounds  to  fuel  before 
*  semlcoklng  It,  not  only  changes  the  quantitative  relationship  between  liquid  and 
gaseous  products,  but  also  causes  a  change  in  their  qualitative  composition  and 
the  formation  of  a  more  active  semicoke.  The  latter  circumstance  Is  of 
considerable  Interest,  because  the  activated  semicoke  obtained  in  this  way  may 
find  vide  use  as  a  high-quality  smokeless  fuel  for  domestic  use  and  for  other 
purposes.  Thus,  for  example,  activated  semicoke  is  a  valuable  fuel  for  transport 
gas  generators,  because  it  raises  the  output  of  the  gas  generators  and  the 
calorific  value  of  the  gas,  or  presents  the  possibility  of  conducting  the 
gasification  process  at  a  lower  temperature,  which  makes  the  flexible  control  of 
the  gasification  possible;  this  is  necessary  for  the  exploitation  of  transport 
gas  generator  Installations*. 

In  our  communication  we  present  the  results  of  investigating  the  semicoking 
of  Zhurlnsk  coal  with  additions  of  KaOH,  Na^COa  and  NaCl,  and  of  coal  from  the 
Chernogorsk  region  on  addition  of  KasCOa. 

EXPERIMENTAL 

Coal  vas  ground  to  2  mm  and  Impregnated  with  10^  solutions  of  the  reagents 
indicated  after  which  it  vas  dried  to  the  initial  moisture  content  and  subjected 
to  thermal  decomposition.  The  additions  were  made  in  quantity  of  about  2  vt  ^  on 


the  dry  c.oal*  The  Investigations  vere  carried  out  In  a  lahoratbry  installa- 
tlon,  the  lay-out  of  vhlch  Is  shown  In  Figure  1. 

The  coal,  after  suitable  preparation,  vas  Introduced  Into  an  electrically 
heated  retort.  Primary  tar  condensed  In  flask  2,  placed  In  a  vessel  2.  filled 
with  a  cooling  mixture.  To  eliminate  the  possibility  of  particles  of  low 
boiling  oil  being  carried  over  with  the  gas  stream  a  water  condenser  it  was 
provided.  Gaseous  petrol  was  washed  out  In  an  absorption  vessel  ^  filled  with 
solar  oil  with  an  Initial  boiling  point  of  220*.  The  primary  gas  was  collected 
In  a  calibrated  vessel  7  filled  with  a  saturated  solution  of  sodium  chloride. 


6 


Fig.l.  Lay-out  of  laboratory  apparatus  for 
semlcoklng  coal. 

1)  Fischer  retortj  2)  wurtz  flask;  3)  vessel 
containing  cooling  liquid;  4)  condenser; 

5)  water  manometer;  6)  absorption  tubes; 

7)  gasometer;  8)  thermocouple;  9)  galvano¬ 
meter;  10)  electric  furnace. 


Fig. 2.  Rate  of  rise  of  temper¬ 
ature  in  semicoking. 

A)  Temperature  in  *;  B)  time 
(in  min).  • 

The  maximum  temperature  of 
’  semicoking  vas  taken  as  525*. 

'  The  rate  of  rise  of  temperature 
followed  a  graph  as  shown  In 


Figure  2.  ‘  ^  ‘  , 

Tne  primary  tar  obtained  by  thermal  decomposition  of  the  coal  was 
distilled  Into  the  fractions: <170*,  170-230*,  and  230-300*.  In  each  fraction 
the  phenols,  bases  and  neutral  oils  were  determined. 

Results  of  semlcoklng  Zhurlnsk  coal..  The  yield  of  products  of  semlcoklng 
of  Zhurlnsk  coal  with  and  without  additions  of  RaOH,  Na^COs  and  KaCl  are  set 
forth  In  Table  1. 

Comparison  of  the  results  obtained  shows  that  addition  of  2^  RaOH  to  the 
coal  before  seqilcoking  causes  a  considerable  Increase  In  the  yield  .of  gas  and  of 
gaseous  gasoline  with  simultaneous  decrease  of  the  yield  of  primary  tar  and  of 
pyrogenetlc  water.  The  yield  of  gas  from  semlcoklng  the  coal  without  RaOH  vas 
73*4  m^/t,  and  with  RaOH  It  was  87.8  m^/t,  l.e..  It  was  raised  by  19.7^.  The 
yield  of  gaseous  petrol  Increased  from  0.11  to  0.35^i  l.e.,  more  than  three  times. 

The  Introduction  of  additions  of  RagCOa  likewise  caused  an  Increase  of  gas  and 
gaseous  gasoline  yield,  but  the  catalytic  effect  of  2f>  RasCOs  vas  lower  than 
that  obtained  vinh  the  same  quantity  of  RaOH.  However,  In  this  case  the  gaseous 
gasoline  yield  approached  0.233&,  i«®«  ib  was  twice  as  large  as  In  the  control 
experiments,  and  the  yield  of  primary  gas  Increased  to  78.34  a^/t,  l.e.,  by  75^. 

Introduction  of  RaCl  caused  a  small  change  In  the  yield  of  the  semlcoklng 
product.  The  yield  of  primary  tar  and  of  pyrogenetlc  water  somewhat  Increased, 
but  the  yield  of  gas  and  ^seousgisollne  .  diminished  by  comparison  with  the  yield 
of  these  products  obtained  by  semlcoklng  the  initial  coal.  All  this  shows  that 
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.  •  V 'r..: ;  TABiz  1 

Effect  of  additions  on  the  yield  of  products  of .  semlcoklng  of  Zhurlnsk  coal 


Name  of- 

sssczai 

Yield  of 

addition 

inhydrous 

tar 

Semicoke 1 
-1-4 

Anhydrous 

tar 

pyrogenic 

water 

gas 

NaOH . 

1.001 

.7.80 

0.35 

6.30 

87.8 

Na^OOa*  •  •  • 

1.033 

7^-5 

8.42 

0.22 

7.09 

78.3 

NaCl . 

1.046 

75.2 

8.95 

0.04 

7.81 

64.1 

Without 

additions 

1.037 

7^.0 

8.78 

0.11 

7.70 

73.V 

•  *  .. 

. 

Jthe  action  of  NaCl  on  the  semlcoklng  of  coal  Is  different  ftoa  that  of  IIa2CQ3. 

It  Is  Important  io  note  also  that  the  density  of  the  prlmaury  tar  obtained 
hy  semlcoklng  coal  vlth  additions  of  NaOH  and  NasCOa  Is  lower  than  the  density 
of  tar  from  the  Initial  coal,  but  addition  of  HaCl  causes  the  density  of  the* 
tar  to  Increase. 

The  results  of  dlstlUatlon  of  the  primary  tar  given  In  Table  2  are  of 
undoubted  Interest. 


TABLE  2 


Effect  of  Additions  on  the  Fractional  Composition  of  ITimary  Tar  from  Zhurlnsk  coal 


Addition 

Yield  of  fraction  (in  ^  on  tarj  at  the 
temperatures  shown  (in  *i 

Loss  (in 
weight 

up  to  170 

170-230 

Residue 

NaOH . . 

7.90 

30.20 

12.40^ 

49.20 

0.29 

7.46 

29.00 

14.10^ 

49.12 

0.32 

NaCl . . 

7.28 

16.20 

26.14 

0.36 

Without 

additions  . 

7.30 

16.12 

27.35 

•  49.60 

0.23 

Distillation  was  ended  at  280*  since  above  this  the  tar  decomposed. 


Examination  of  Table  2  shows  that  the  yield  of  fraction  boiling  below  170* 
depends  very  little  on  the  nature  of  the  added  substance.  The  yield  of  the 
?:erosene  fraction  which  distils  between  170  and  230*  Is  considerably  raised  when 
»’oal  Is  semlcoked  In  the  presence  of  NaOH  and  Na2C03.  ■ 

Oil  treating  coal  with  NaOH  the  yield  of  the  kerosene  fraction  Increases  from 
16.12  to  30. 20^,  l.e.,  almost  by  88^  and  on  Introduction  of  NagCOa  It  Increases 
to  29. 00^,  l.e.,  by  nearly  805&  over  that  In  the  control  exi>erlmeat.  The  increase 
In  the  yield  of  the  kerosene  fractions  on  treating  coal  with  NaOH  and  NaaCQs  ' 
occurs  almost  completely  at  the  expense  of  a  lowering  of  the  heavier  tar  fraction, 
distilling  between'  230  and  300* .  . 

Thus,  the  yield  of  the  kerosene  fraction  on  the  addition  of  NaOH  was  raised 
hy  lU,085&  over  the  yield  of  the  same  fraction  from  the  tar  of  the  Initial  coal, 
hut  the  yield  of  the  heavier  fraction,  boiling  between  23O  and  3OO*  was  lowered 
hy  14.955&. 

On  treating  coal  with  Na^COa  the  yield  of  the  kerosene  .fraction  Increased 
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“by  12,66^  over  the  yield  of  the  same  fraction  from  the  tar  of  the  initial 
coal,  vlth  a  13.253t  decrease  in  the  yield  of  the  fraction  boiling  between  230 
and  3CX)*.  ‘  v  • 

Addition  of  NaCl  caused  only  a  small  increase  in  the  yield  of  the  fraction 
distilling  between  230  and  300*  '  .  •  -  •  .  . 

..  The  yield  of  heavy  distillation  residue  remained  constant  and  did  not 
depend  on  the  nature  of  the  added  substance.  However,  the  properties  of  the 
residue  obtained  on  distilling  tar  from  coal  to  which  HaOH  and  Na2CQ3  had  been 
added  differed  sharply  from  those  of  the  residue  obtained  from  tar  of  the 
initial  coal  to  which  NaCl  was  added.  '  .  *  .  : 

The  heavy  residue  from  the  distillation  of  tar  obtained  from  coal  to 
which  SaOH  and  HasCOa  was  added  had  a  higher  ductility  (fluidity)  and  was 
softer  at  about  20*. 

Analysis  of  the  distillates  from  these  tars  obtained  in  the  semicoking 
of  coal  in  the  presence  of  KaOH  and  NagCOa  -(Table  3)  showed  a  sharp  increase 
In  the  bases  and  neutral  oils  and  likewise  a  considerable  lowering  of  the  phenols, 
which  was  specially  notable  In  the  fractions  obtained  between  I70  and  230*  and  to 
a  lesser  degree  In  the  lighter  fractions  obtained  below  I70*.  Addition  of  NaCl 
had  no  effect  on  the  composition  of  the  distilled  tars,  as  is  shown  in  Table  3* 

TABI£  3  . 

Effect' of  Additions  on  the  Ccaposltlon  of  Products  of  Distillation  of  Primary 


Tars  from  Zhurlnsk  Coal 


Addition 

<170! 

fraction 

170-250*  fraction 

1  230-300*  fraction 

Composition 

of  the  distillation 

product  of  t'ne  tar 

(in  i) 

phenols 

Bases 

Neu¬ 

tral 

Phenols 

Bases 

Neu¬ 

tral 

Phenols 

Bases 

Neu¬ 

tral 

None  . 

34.80 

2^80 

62.40 

61.16 

1.81 

37.03 

56.50 

3.30 

40.20 

NaOH . 

23.70 

6.50 

70.00 

40.32 

5.53 

53.55 

43.68 

4.40 

51.92 

Na^CQa  ............. 

26.55 

4.41 

68.06 

48.20 

5.30 

46.5c 

50.33 

4.20 

45.47 

NaCl . 

35.10 

3.10 

I61.80I  60.24 

1.90 

57.8£| 

57.30 

2.00 

40.70 

As  can  be  seen  from  Table  4  the  CO2  content  In  the  gas  Increased  when  these 
substances  were  added  to  the  coal:  the  Increase  with  NaOH  was  from  l4.60  to 
25.655^,  and  with  Ra^COs  from  l4.60  to  19.20^|j  with  NaCl  an  extremely  small 
Increase  of  CO2  from  l4.6o  to  15.00^,  occurred. 

A  similar  regularity  was  observed  In  the  change  of  the  unsaturated  hydro¬ 
carbons  and  hydrogen  contents,  although  their  absolute  values  sure  different. 

Thus  with  NaOH,  for  example  the  content  of.  unsaturated  hydrocarbons  Increased 
from  4.03  to  6.205b  and  that  of  hydrogen  from  5*15  to  8.345^.  With  NasCQa  the 
unsaturated  hydrocarbons  and  hydrogen  clianged  from  4.03  to  4.805&  and  from  5»13 
to  6,805^  respectively. 

It  should  also  be  noted  that  there  was  a  lowering  of  the  methane  content, 
from  the  Initial  level  (in  the  absence  of  additions^  of  44. 60  to  31-6l^  in 
the  presence  of  NaOH,  and  to  36.855^  in  the  presence  of  NagCOa.  The  CO  content 
did  not  change  very  much,  and  such  change  as  occurred  (see  Table  4j  can  be 
explained  by  some  Inaccuracies  in  the  analysis. 

Results  of  sealcoklnp;  of  Chernogorsk  coalr  In  Fig.  5*  nre  given  the  yield 
and  fractional  composition  of  the  primary  tar  obtained  by  ’semicoking  Cherno- 
gorsk  coal  with  and  without  25d  Ka2C03.  JVom  these  It  can  be  seen  that  there 


is  an  Increase  of  gas  yield  from  64.15^  vithout,  to  102.0  lla2CQs 

i.e.,  an  increase  of  21. 33^.  S  . 

TABUS  i  .  ■  :v  .  •  :  V 


-  Effect  of  Additions,  on  the  Composition  of  Primary  Gas  flrom  Zhurlnsk  Coal 


Addition 

Composition  of  primary  gas  (in 

C02 

O2 

CO 

CH4  . 

N2  (by 

.  difference) 

Hone . 

l4.6o 

4.03 

3.93 

11.23 

44.6 

5.13 

16.51  ? 

HaCH . . . 

25.65 

6.20 

2.60 

10.47 

31.81 

8.34 

111.93 

Ha2CQ3 . 

19.20 

4.80 

3.13 

11.46 

56.65 

6.80 

17.76 

NaCl . . . 

15.00 

4.00 

3.10 

12.05 

43.50 

5.00 

16.90 

The  composition  of  the  primary  gas,  as  can  .he  seen  from  Table  6  (obtained 
as  a  result  of  semicoking  coal  to  vhlch  I7a2C03  had  been  added) ,  differs  by  an 
Increase  In  the  unsaturated  hydrocarbons,  carbon  monoxide,  hydrogen  and  carbon 
dioxide  vlth  a  lowering  of  the  methane  content.  The  yield  of  primary  tar  in 
semlcoklng  coal  with  additions  of  Ha2C03  is  lowered  from  11.83  to  10.09^  (Table  5) 
It  Is  Important  to  mention  a  sharp  change  In  the  specific  gravity  of  the  tar: 
the  tar  obtained  in  the  absence  of  Na2C03  had  a  higher  density  (d^°  1.0U2);  when 
Ha2C03  was  added  the  density  of  the  tar  was  lowered  to  d^®  0.9824,  l.e.,  it 
became  <1.  •* 

•  •  •  •  -  TABi£  5  . .  -  , 

Effect  of. Additions  on  the  Yield  of  Products  of  Semlcoklng  and  the 


Fractional  Composition  of  Primary  Tar  from  Chernogorsk  Coal 


Addition 

Yield  of  seml¬ 
coklng  products 
(in  ^  on  dry  coal 

Yield  of 
gas  (in 
•mft) 

Fractional  composition  of 
primary  tar  (in  $  of  In¬ 
itial  tar)  at  temneratures 

Loss  on. 
distil¬ 
lation 

Semi- 

coke 

Tar 

170 

170-230 

230-300 

Res¬ 

idue 

(in  wt  ^) 

Semlcoklng 

without 

Ha2C03  ...... 

74.81 

11.83 

84.10 

4.87 

6.88 

30.70 

1.24 

Semlcoklng 
with  2$ 

HagCOa  . 

76.22 

10.09 

102.00 

5.71 

12.90 

25.40 

0.36 

TABLE  6 

Effect  of  WagCO.T  on  the  Composition  of  the  Primary  Gas  ^om  Chernogorsk  coal 


Composition  of  primary  gas  (in  %) 

Addition 

CQ2 

CnHjjj 

Oz 

CO 

CH4 

Ha 

Na 

Semlcoklng  without 
NagCOs . 

■ 

2.99 

1.58 

9.26 

49.90 

5.24 

10.38 

Semlcoklng  with  2^ 
Ra^COs . 

^5.00 

3-75 

1.27 

12.95 

44.50 

6.95 

5.60 

Comparison  of  the  results  of  distillation  of  the  primary  tar  from  the 
separate  fractions  shows  an  Increase  In  the  yields  of  the  lower  fractions.  Along 
vlth  this  there  Is  a  partlculeirly  large  Increase  In  yield  of  the  kerosene 
fraction  (by  a  factor  of  about  2),  this  being  the  fraction  boiling  between  170 


and  230*;  the  Increase  is  obtained  at  the  expense  of  a  corresponding  decrease 
in  yield  of  the  hearier  fjractioh,  boiling  at  230-300* .  It  is  interesting  to 
note  that  the  pitch,  remaining  after  the  distillation  of  tar  obtained  in  semi¬ 
coking  of  coal  in  the  presence  of  Na2CQ3  differs  considerably  in  its  fluidity 
from  the  pitch  obtained  by  distilling  tar  from  coal  to  vhich  no  Na^Qa  had  been 
added.  From  a  comparison  of  the  data  for  semicoke  yield  it  follows  that  addition 
of  Ra2C03'  leads  to  a  small  increase  of  this  coke.  This  increase  in  yield  of 
semicoke  is  evidently  due  to  the  mineral  part  of  the  addition. 

•  •  The- experimental  data  on  semicoking  of  coal,  with  x^ior  addition  of  the 
substances  mentioned,  makes  it  possible  to  assert  that  the  addition  of  sodium 
carbonate  to  Chernogorsk  coal,  and  of  sodium  carbonate  and  hydroxide  to  Zhurinsk 
coal,  promotes  a  deeper  cracking  of  the  liquid  and  gaseous  products  of  the 
process.  As  a  result  of  this  there  is  a  lower  yield  of  pr Inary  tar,  an  in¬ 
creased  yield  of  gas  and  gaseous  gasoline,  and  likewise  an  Increased  yield  of 
lover  boiling  fractions,  on  distillation  of  the  primary  tar ,  and  an  increase  in 
the  amount  of  unsaturated  hydrocarbons  euad  of  hydrogen  with  simultaneous  de¬ 
crease  of  the  methane  content  of  the  primary  gas. 

SUMMARY 

r.  Sodium  hydroxide  is  most  active  as  a  catalyst  for  promoting  deep 
cracking,  and  sodium  carbonate  is  lees  active. 

2.  Addition  of  sodium  chloride  does  not  exert  much  effect  on  the  qualitative 
composition  of  semicoking  products. 

3.  ■  Some  Increase  of  yield  of  the  primary  tar,  with  simultaneous  lowering  of  the 
gas  and  gaseous  gasoline  yield, ^  shows  that  the  addition  of  sodium  chloride  to 
coal  Impedes  the  fission  of  the  hydrocarbon  molecules  during  semicoking. 


Received  July  21,  1950- 


•  ,  ;  ^  '  STUpi.OF  THE  ALKALINE  SCOURING  OP  COTTOH  ARTICLES 

^  -  V.E.PostovtseT  -  ...... 


j.-  >*-  *11  ' 


Ivanov  Reeearcli  Institute  for  the  Cotton  Industr/ 

In  nany  cases  it  is  necessGLry  to  carry  out  the  various  operations  In¬ 
volved  in  bleaching,  particulairly  scouring  on  textiles  not  as  yarn  hut  as 
finished  goods.  This  applies  in  particular  to  closely 'Voven  and  heavy  tex¬ 
tiles,  vhich  vhen  treated  as  yarn  suffer  irreparable  deformation  and  mechanical 
damage.  The  existing  methods  of  scouring  textile  piece  goods  are  neither 
economically  efficient  nor  efficacious.  The  further  improvement  of  methods 
of  alkaline  scouring  is  partially  obstructed  by  the  fact  that,  in  recent  years, 
differences  of  outlook  have  developed  among. Soviet  textile  technologists  about 
the  proper  way  to  conduct  scouring.  The  earlier,  generally  accepted,  emulsion 
theory  of  scouring  according  to  vhich  the  central  and  most  difficult  task  in 
bleaching  is  the  removal  of  the  greasy  contamination  from  the  fibers  by  alkali- 
emulsion  treatment,  has  recently  met  with  serious  objections. 

We  have  in  mind  a  series  of  papers  by  Viktorov,  published  in  .^Textile 

Industry”  and  the  •Journal  of  Applied  Chemistry",  starting  in  193^  [ij* 

•  ^ 

In  these  papers  Viktorov  established  that  the  extraction  of  the  bulk  of 
the  grease  from  cotton  fibers  with  organic  solvents  does  not  confer  wettability 
on  them  (basic  index  of  the  quality  of  scouring),  but  that  stable  capillarity 
is  developed  vhen  pectin  substances  are  removed,  even  though  there  is  no  sub¬ 
stantial  change  in  the  content  of  other  impurities. 

•  •  .  '  * 

Apparently  from  a  suggestion  made  by  W.Faer  [2]  about  the  distribution 

of  pectin  substances  as  amorphous  connective  '^particles”  of  cellulose  through¬ 
out  the  thickness  of  the  external  layers  of  the  fiber  wall  ,  Viktorov  came  to 
the  conclusion  that  the  development  of  capillary  properties  in  the  fiber  should 
be  ascribed  to  a  change  of  the  physical  structure  of  the  cellulose  (increase 
of  its  porosity),  produced  during  the  extraction  of  pectin  substances  from  the 
thickness  of  the  fiber.  This  process  is  difficult,  in  as  far  as  Viktorov  (follow¬ 
ing  Faer)  considered  that  the  pectins  form,  with  cellulose,  ether-like  chemical 
compounds.  • 

According  to  Viktorov,  since  the  extraction  of  grease  from  cotton  in  scouring 
does  not  have  any  effect  on  the  capillarity,  it  is  not  only  unnecessary,  but 
even  harmful. 

In  this  interpretation  of  the  essentials  of  the  scouring  process  it  should 
not  be  taken  that  the  alkali  is  the  only  reagent  used  for  the  process,  various 
other  reagents,  capable  of  extracting  pectin,  are  used  for  this  purpose,  mineral 
acids  among  them. 

Supporters  of  the  emulsion  point  of  view,  in  their  turn,  have  endeavored  to 
criticize  Viktorov's  views;  he  has  defended,  his  hypothesis.  . 

Zakoshchlkov  and  Postnlkov  [3]  shoved  that  the  capillarity  is  directly 
proportional  to  the  grease  content  in  the  fiber.  '  *  ' 

Investigation  of  the  lowering  of  the  capillarity  of  bleached  textiles  after 
hot  drying  led  Kozlov  to  the  conclusion  that  this  phenomenon  should  be  ascribed 
to  the  presence  of  an  .unextracted  grease  which,  under  the  conditions  of  drying 
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at  70-8o*,  flows  over  the  surface  of  the  fibers,  losing  Its  previous  discrete 
distribution  on  the  fibers,  and  conferring  on  the  latter  a  hydrophobic  character. 

Voronkov  and  Kozlov  [4),  refuting  the  Ideas  of  Viktorov,  quoted  the  ob¬ 
servation  of  Whistler,  Martin  and  Harris  that  the  pectins  In  cotton  are  present 
as  calcium,  magnesium,  or  Iron  salts  and  are  not  bound  chemically  to  cellulose, 
they  also  drew  on  the  results  of  Andersen  and  Kerr  about  the  distribution  of 
pectins  In  the  primary  walls  of  the  fibers ,  enabling  them  to  assert  that  their 
■  extraction  does  not  Involve  an  ageing  of  the  physical  structure  of  the  fiber. 

Becalllng  experiments  by  Rreyberger,  which  showed  that  the  addition  of  a  ' 
small  amount  of  grease,  in  the  bleaching  of  fabric,  sharply  lovers  Its  wettability 
by  water,  Voronkov  and  Kozlov  deduced  from  this  and  other  facts  that  the  presence 
of  grease  In  the  primary  walls  of  the  fiber  Is  a  decisive  factor  In  Its  vetting 
and  that  the  extraction  of  pectin  only  'facilitates  the  appearance  of  capillarity, 
because  In  this  operation  part  of  the  grease  Is  extracted- as  well. 

On  the  basis  of  this  exposition  we  came  to  the  conclusion  that  at  present 
there  Is  no  unified  view  on  the  essentials  of  the  scouring  process.  Haturally 
such  a  state  of  affairs  does  not  provide  any  sound  foundation  for  Improvement  of 
.the  conditions  of  scouring. 

We  therefore  commenced  a  more  careful  study  of  the  dependence  of  the  capil¬ 
larity  of  textiles  on  the  amounts  of  various  Impurities  present  In  them  and  on  the 
state  of  the  cellulose  fiber,  with  the  Idea  of  thus  getting  nearer  to  a  solution 
of  the  problem  of  selecting  the  optimum  conditions  for  scouring  cotton  fabrics. 

Dependence  of  the  Capillarity  of  Cotton  Articles  On  the  Grease  Contents. 

As  already  Indicated,  exponents  of  the  emulsion  theory  of  scouring  relate 
the  magnitude  of  the  capillarity  of  the  cotton  fabric  directly  to  the  degree  of 
extraction  of  grease  contamination  from  It,  this  grease  being  distributed  In 
patches  In  the  primary  fiber  walls.  On  the  other  hand,  Viktorov  denies  this*  • 
connection;  the  basis  of  his  argument  Is  the  fact  that  after  the  extraction  of 
greasy  contamination  from  the  fiber  with,  for  example,  benzene,  with  which  the 
degree  of  extraction  Is  Immeasurably  higher  than  with  alkaline  scouring,  the  fiber 
always  has  an  unsatisfactory  capillarity.  Viktorov,  api>arently,  started  from 
the  assumption  that  the  fibers  are  completely  degreased  by  benzene  and  that  their 
surfaces  are  rendered  hydrophilic.  In  such  a  case  it  would  be  natural  to  assume 
that  the  properties  of  the  primary  fiber  wall  have  no  Influence  on  the  develop¬ 
ment  of  capillarity,  and  Viktorov  does  this,  ascribing  the  development  of  capillarity 
to  a  change  of  the  physical  structure  of  the  secondary  wall  ('hged  structure")  and 
representing  the  capillary  uptake  of  water  as  occurring  through  the  capillaries  of 
the  secondary  fiber  wall. 

Such  a  deduction  would  only  be  well-founded  if  benzene  were  completely  to 
extract  the  greasy^ contamination  from  cotton.  The  complicated  composition  of 
cotton  grease,  and  Its  patchy  distribution.  Is  opposed  to  such  an  assumption.  Some 
tine  ago  Knecht  and  Strit  [5]  shoved  that  cotton  fabrics  contained  more  substances 
soluble  in  benzene  than  could  be  extracted  by  this  solvent  in  the  usual  way.  They 
found,  for  example,  that  further  material  was  extracted  by  benzede  from  cotton  after 
bleaching.  ,  • 

Chllikin  showed  that  the  quantity  of  extract  depends  on  the  nature  of  the 
solvent  used;  according  to  his  data,  chloroform  extracts  0.6225^,^  benzene  0.5^**^ 
ether  0.4875^,  gasoline  0.421^0  of  substance;  on  the  other  hand,  successive  ex¬ 
tractions  with  these  solvents  gave  a  total  extract  of  0.66^. 

Kettering,  Goldthwalt  and  Kraemer  [6]  also  Indicated  that  It  Is  doubtful 
whether  with  the  aid  of  a  single  solvent  all  the  grease  can  be  extracted;  the 


extraction  Is  strongly  assisted  "by  the  following  succession  of  solvents: 

Ethyl  alcohol  -►chloroform  ~  dry  chloroform  -  diethyl  ether  -  alcohol.> 
diethyl  ether  -  acetone  -  dry  diethyl  ether  -  chloroform  —  henzene* 

niese  authors  also  Indicated  that  the  subdivision  of  the  cotton  article  for 
extraction  raised  the  quantity  of.  the  extract  by  a  considerable  amount;  thus  while 
the  quantity  of  extract  prior  to  subdivision  was  0^72$,  after  subdivision  it  was 

1.12#.  ^  v.  . 

All  these  data  are  evidence  that  when  being  degreased  with  benzene,  cotton 
does  not  part  with  all  Its  grease,  and  Its  surface  should  remain  hydrophobic. 

Thus,  the  above-mentioned  argument  against  the  emulsion  theory  of  scouring  could  be 
refuted  on  the  basis  of  known  facts. 

*  However,  It  would  be  desirable  to  show  that.  In  the  case  of  complete 
extraction  of  greasy  substances  from  cotton  with  the  aid  of  organic  solvents,  true 
capillarity  Is  attained  and  that  the  capillarity  developed  can  be  explained  by  the 
state  of  the  exterior  walls  of  the  fibers,  and  not  by  their  Internal  structure. 

"  The  experimental  work  was  devoted  to  an  attempt  to  Increase  the  capillarity 
of  cotton  thread  by  extracting  it  with  different  organic  solvents. 

EXPERTKErTfAL  *  *  *  '/’;*•  .  * 

■  Samples  of  soft  thread  No. 65,  covered  with  filter  paper  were  extracted  In 
a  Soxhlet  successively  with  decalln,  (b.p;  I82-I83*),  Isoamyl  alcohol  (b.p.  123- 
-I30),  benzene  (b.p.  80*),  and  ether  (35*)-  ^  these  tests  the  total  quantity 

of  extract  was  3*13^^  ^ut  capillarity  In  the  thread  was  not  attained. 

In  other  experiments  refined  thread  No. 20,  covered  with  filter  paper,  was 
extracted  successively  with  petrol  (fraction  boiling  between  70  and  100*)  benzene, 
toluene,  (b.p.  111*),  xylene  (b.p.  156*)  Isoamyl  alcohol,  carbon  tetrachloride 
(b.p. 77*)  and  sulfuric  ether.  The  total  quantity  of  extract  was  found  to  be 
3.I25&  on  the  weight  of  absolutely  dry  thread.  J 

The  unusually  large  quantity  of  extract  leads. one  to  speculate  about  the 
occurrence  of  some  side  processes,  accompanying  the  extraction  of  Impurities  by 
the  method  described.  •  . 

Actually,  extraction  of  the  ashless  paper  used  with  the  same  solvents  gave 
Interesting  results:  an  extract  of  1.585®  on  their  weight  was  obtained  and  at  the 
same  time  the  weight  of  the  filter  paper  Itself  decreased  by  1.135^. 

It  was  therefore  necessary  In  the  light  of  this  result,  whose  cause  remains 
unexplained,  to  dispense  with  the  use  of  filter  paper  for  enveloping  the  samples 
of  thread. 

Subsequently,  refined  thread  was  extracted  without  a  paper  wrapping,  with 
the  following  solvents  in  succession:  petrol,  benzene,  toluene.  Isoamyl  alcohol, 
carbon  tetrachloride.  The  quantity  of  extract  was  determined  for  each  solvent 
separately  (see  table). 

The  weight  of  thread  decreased  In  the  first  experiment  by  0.3575^  and  In  the 
second  by  0.3725&.  After  extraction  the  thread  showed  a  small  capillarity  -  29  mm 
In  30  minutes.  -  ■  • 

Ve  see  that  the  decrease  In  weight  of  the  thread  during  extraction  Is  con¬ 
siderably  less  than  the  quantity  of  material  obtained  In  the  extract.  This  fact,* 
which  is  similar  to  what  was  observed  In  the  extraction  of  the  filter  paper,  can 
only  be  explained  by  supposing  that,  side  by  side  with  the  extraction  of' fatty 
Impurities,  a  change  In  the  cellulose  fiber  Itself  takes  place,  increasing  the  amount 


Itesults  of  the  Determination  of  the 
Quantity  of  Extract" 


Solvent 


Isoamyl- 


carbon 


iuantltyof  extract  (  In 
}f  the  velght  of  absolutely 


0.420 

0.065 

0.035 


Benzene 


Experi¬ 
ment  1. 

Experi¬ 
ment  2. 

0.42 

0.42 

0.06 

0.07 

0.03 

0.04 

0.30 

0.28 

?  0.03 

0.03 

■- 

Sum 

0.290 

0.030 


0.640 


0.550 


Its  congenerjB  In  the  co»arse  of  extraction. 


of  extract  somevhat,  and  also  in- 

*  creasing  Its  ovn  vel^t,  vhlch  in 
the  final  analysis  means  a  reduc¬ 
tion  In  the  loss  of  vel^t  of  the 
thread  as  a  result  of  the  extrac- 

*  tlon,  and  makes  this  loss  in  velght 
less  than  the  velght  of  the  extract 
formed. 

*  It  vas  later  established  that  in 
extracting  thread  vlth  benzene  the 
quantity,  of  extract  exactly  coin¬ 
cided  vlth  the  loss  In  velght  of  the 

..  fibers.  Indicating  the  absence  of  any 
change  of  the  cellulose  in  this 
particular  case. 

It  remains  to  suggest  that  the  ob¬ 
served  non-correspondence  betveen 
the  velghts  of  extract  and  the  loss 
In  velght  of  the  thread  on  extraction 
by  a  number  of  solvents,  the  cause 
,of  vhlch  can  only  be  ascribed  to  a 
change  In  the  cellulose  Itself  or  of 
Is  due  to  the  use  of  high  boiling  solvents. 


Extraction  of  thread  vlth  benzene. 

Quantity  of  extract  (g) 


Ist  expt . . . .  0.0339 

2nd  •.  . . .  0.0303 


Loss  In  vel^t 
of  cotton  (g) 

0.0339 

0.0309 


Thus  the  task  of  complete  extraction  of  grease  from  cotton.  In  order  to  make  it 
hydrophilic,  by  extraction  vith  organic  solvents  vas  not  achieved:  cotton  thread 
did  not  acquite  a  sufficient  capillarity  even  on  extraction  vlth  a  number  of  good 
grease  solvents. 

In  addition,  the  use  of  high  boiling  solvents  for  determining  the  grease 
content  of  cotton  cannot  be  recommended,  in  vlev  of  the  secondary  processes  vhlch 
occur  In  extraction,  and  vhlch  falsify  the  results. 

It  may  be  asserted  that  at  present  the  true  grease  content  In  cotton  Is  not' 
known,  because  until  now  these  contaminants  have  been  determined  by  extraction 
vlth  org^lc  solvents,  and  this  either  does  not  give  complete  extraction,  or  Intro¬ 
duces  a  falsification  of  the  result  due  to  secondary  processes. 

Dependence  of  the  Hydrophilic  Character  of  the  Cotton  Fiber 


on  the  State  of  the  Primary  Fiber  Walls. 


Experiments  to  show  by  direct  means  that  the  development  of  capillarity  In 
cotton  articles  is  directly  connected  with  the  presence  of  fatty  substances  In  the 
primary  walls,  (exhaustive  extraction),  ended  In  failure. 

However,  this  by  no  means  supports  Viktorov*s  point  of  vlev  of  the  negative 
role  of  grease  in  the  phenomenon  of  capillary  uptake  of  water.  In  so  far  as  the 
use  of  organic  solvents  for  extraction  simply  did  not  succeed  In  extracting  all 
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the  £preaee.  This  only  demonstrates  the  complex  composition  of  cotton  grease 
and  the  Inaccessibility  of  some  of  It  to  the  action  of  solvents,  on  account  of 
the  complex  stxnicture  of  the  primary  vails. 

-It  appeared  of  Interest  .to  get  at  a  solution  of  the  problem  Indirectly. 
from  among  a  number  of  such . Indirect  means,  a  study  of  the  relation  between  the 
hydrophilic  character  of  the  cotton  fibers  and  the  state  of  the  primary  vails 
was  chosen.  -  .  . 

state  of  the  primary  vails  vas  changed  by  mechanical  attrition.  The 
cotton  staple" vas  ll^tly  pressed  on  to  the  surface  of  a  glass  slide,  fixed  to 
the  axis  of  an  electric  motor  rotating  at  high  speed.  The  surface  of  the  glass 
slide  vas  occasslonally  cleaned  emery  paper.  Afterwards  a  drop  of  water  was 

laid  on  the  surfaces  of.  the  Initial  and  the  treated  staple  and  the  contact  angle 
was  measured  by  projecting  an  Image  of  the  drop  on  a  screen.  As  a  result  of  a 
s^les  of  such  measurements  It  was  found  that  the  contact  angle  for  the  Initial 
staple  vas  132*  on*  the  average,  while  on  the  staple  subjected  to  mechanical 
attrition.  It  vas  59.7*. 

This  Is  evidence  that  the  hydirophlllc ,  and  therefore  the  capillary,  character 
of  the  fiber  depends  on  the  state  of  the  primary  vails:  damage  to  the  primary  vails 
and  Its  Incomplete  repair  causes  the  surface  to  become  more  hydrophilic,  though 
the  secondary  vails  remain  unchanged  In  the  sense  of  not  being  'hged.* 

As  already  shown,  ftrom  the  negative  role  of  the  primary  walls  and  of  the  grease 
contained  in  them,  relative  to  the  capillarity  of  the  .cotton  fibers  (threads, 
textiles,  etc)  Rrof .Viktorov  rather  naturally  comes  to  the  conclusion  that  In  the 
capillary  uptake  of  water  the  latter  moves  Into  the  system  of  capillaries  of  the 
Internal  secondary  walls,  a  system  consisting  of  fiber  structure  •aged*'  during 
the  process  .of  scouring.  • 

It  seemed  Interesting  to  test  this  hypothesis  by  microscopic  examination  of 
the  capillary  uptake  of  water  on  single  cotton  and  other  fibers.  Isolated  cotton 
or  other  similar  fibers,  extracted  from  well  scoured  thread  were  attached  by  their 
ends  to  a  stout  paper  frame.  The  frame  was  cautiously  glued  to  an  object  glass, 
and  this  latter  vas  placed  on  the  platform  of  a  microscope,  set  up  vertically. 

After  the  lower  part  of  the  thread  had  been  brought  into  focus  In  the  microscope 
a  drop  of  sodium  chromate  vas  laid  on  the  lover  part  of  the  frame  where  the  ends 
of  the  fibers  were  located,  and  the  uptake  of  the  colored  liquid  vas  observed  In  the 
microscope.  '  •  '  •  ’  . 

As  a  result  of  many  experiments  of  this  kind  It  vas  established  that  the 
capillary  uptake  of  water  by  single  fibers  Is  not  complete,  while  In  a  system 
composed  of  2-3  fibers  twisted  around  each  other  the  rate  of  uptake  was  so  fast  that 
It  could  not  be  observed  in  the  microscope. 

SUMMARY 

1.  The  caplllery  properties  of  cotton  articles  are  conditioned  exclusively 

by  the  state  of  the  primary  fiber  vails.  «  * 

2,  Wettability  develops  In  alkaline  scouring  with  a  larger  content  of 
grease  (left  In  the  material)  than  when  the  grease  Is  extracted  with  grease 
solvents,  a  treatment  of  the  fiber  with  which  does  not  make  It  vettable.  The  basic 
object  of  scouring  appears  to  be  not  the  simple  etjulllbrlum  extraction  of  the  greasy 
Impurity  by  emulsification,  but  a  more  or  less  complete  breakdown  of  the  perfection 
of  the  external  primary  walls  (cutlclej,  leading  to  the  creation  of  a  connection 
between  the  system  of  hydrophilic  portions  and  the  external  surface  of  the  fibers. 
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BRIEF  CCmJHICATlOItS 


.  . r  :  -  STUDY  OF  THE  FUSIOH  DIAGRAM  FOR  THE  BINARY  SYSTEMS: 

;  H2Se04*H20"H2S04*H20  find  H2Se04*^H20~H2S04*4H20 

! ,  A.F.Kapustlndy  find  A.N.Zhdfinova 
-  '  D. I. Mendeleev  Institute  of  Chemical  Technolog}^  Moscow 


Sulfur  and  selenium  helong  to  the  sixth  group  of  Mendeleev's  periodic 
system;  their  oxyaclds  (sulfuric  and  selenlc)  are  analogous  In  composition  and 
■Uierefore  It  Is  natural  to  expect  them  to  he  analogous  In  their  crystallochemlcal 
relationships.  Even  a  comparison  of  the  fusion  diagrams  of  the  systems  H2Se04— 

-HgO  and  H2Sb4-H20  shows  that  there  Is  a  great  similarity  between  them  [Ij. 

•  Khodakov  and  Agafonova  3]  showed  that  the  dissociation  constants  of 
selenlc  and  sulfuric  acids  are  very  close  to  each  other,  The  "thermodynamic  radii" 
of  the  Ions  SeOf'and  SO4”  are,  according  to  Kapustlnsky  and  Yatslmlrsky  [4], 
2.43,and  2.3OA  respectively.  *  ' 

It  appeared  Interesting  to  Investigate  the  isomorphism  of  selenlc  euid  . 
sulfuric  acids  suid  also  of  their  hydrates. 

According  to  Goldschmidt  [5]  the  general  requirement  for  the  Isomorphism  of 
substances  Is  that  atoms.  Ions  or  molecules  of  Isomorphous  parts  should  approx¬ 
imate  each  other  In  size  and  polarization  properties.  According  to  Grimm  [6] 
the  phenomenon  of  isomorphism  is  determined  by  three  conditions:  1)  Identity 
of  the  molecular  (stoichiometric J  structure  of  the  crystals}  2)  approximate 
equality  In  size  of  the  structural  units  of  the  crystal;  and  3)  similarity  In 
structure  of  the  elementary  cells.  The  first  two  conditions  are  fulfilled  for 
selenlc  and  sulfuric  acids  because  their  stoichiometric  formulas  are  Identical 
and  the  difference  between  the  Ionic  radii  for  SeOf”  and  S0|”  Is  only 
According  to  the  Grlmm-Goldschmidt  rule.  Isomorphism  (at  temperatures  not  very 
far  removed  from  those  of  melting)  appears  in  cases  where  the  radii  of  the 
corresponding  structural  units  do  not  differ  from  one  another  by  more  than  I53&. 

Thermal  analysis  Is  a  reliable  method  whereby  the  formation  or  non-formation 
of  solid  solutions  can  be  established,  and  It  was  therefore  selected  for  the 
study  of  the  Isomorphism  of  selenlc  and  sulfuric  acids. 

EXPERIMENTAL  ‘  ' 

Chemically  pure  selenlc  acid  was  used  for  the  experiments.  The  method  for 
Its  production  was  described  earlier  (Tl-  Since  there  Is  considerable  difficulty 
In  preparing  IOO5&  selenlc  acid  we  used "97^  material;  the  free  water  in  It  was 
reacted  with  the  calculated  quantity  of  sulfur  trloxlde,  and  as  a  result  a 
mixture  of  anhydrous  selenlc  and  sulfuric  acid  was  obtained.  100^  Sulfuric  acid 
was  obtained  from  chemically  pure  H2SO4  In  the  same  way,  i.e.,  by  reacting  the 
excess  Water  with  SO3.  A  solution  of  sulfuric  acid  in  anhydrous  selenlc. acid 
was  prepared  by  weighing,  precautions  being  taken  against  the  absorption  of 
moisture  from  the  air  by  the  mixture,  since  It  is  extremely  hygroscopic. 

The  jnoiiohydrates  and  tetrahydrates  of  sulfuric  and  selenlc  acids  were 
prepared  from  more  concentrated  solutions  of  acids  of  known  weight,  by  mixing  with 
an  exactly  weighed  quantity  of  water  to  a  concentration  corresponding  to  the 
stoichiometric  formula,  precautions  again  being  taken  against  the  absorption  of 
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DOlsture  from  the  air.  The  solidification  point  of  the  mixture  vas  determined 
in- the  apparatus  d.'^scrlhed  by  Kapustlnsky  and  Drakln.  The  crystallization  of 
the  mixture  on  cooling  vas  induced  by  the  introduction  of  seed  crystals  of  the 
pure  components.  -  <  '  • 

It  should  be  noted  that  all  the  mixtures  investigated  by  us  crystallized 
▼ery  much  more  easily  than  solutions  of  selenic  acid  vhlch  did  not  correspond 
in  composition  to  those  of  the  hydrates  H2Se04*H20  and  H2Se04*UH20,  as  a 
result  of  vhlch  the  arrests  on  the  heating  curves  vere  obtained  extremely 
accurately  and  reproduclbly.  The  results  of  thermal  analysis  of  the  system 
Q2Se04-fi2S04  are  set  forth  in  Table  1  and  displayed  in  F1&  1,  vhlch  shov  that 
chemical  compounds  are  not  formed  in  this  system,  and  that  there  is  only  one 
eutectic^  corresponding  to  l6^  by  vt.  of  selenic  acid  and  solidifying  at  3*2*. 

As  can  be  seen  from  the  fusion  diagrams  obtained  by  us,  selenic  and  sul¬ 
furic  acids  do  not  form  solid  solutions,  vhlch  apparently  is  due  to  differences 
In  structure  of  their  elementary  cells. 


TABI£  1 


ic' 

Quantity 
of  H2Se04 
(vt. 

Melting 

point 

(in.*) 

Quantity 
of  H2Se04 
(vt.  <f>) 

Melting 
point 
(in  •] 

1  ■ 

0 

10.3 

50.09 

27.3 

8.79 

7.2 

58.65 

32.4 

ijii 

11.05 

5.5 

*66.27 

38.5 

i  p  . 

21.82 

6.3 

76.48 

44.5 

'4  jf 
•  !  i  * 

31.85 

13.3 

87.20 

>•9.9 

41.92 

21.3 

100.00 

«  0 

56.0^ 

•  TABIB  2 

Fusion  Diagram  for  the  system 


According  to  data  of  Cameron  and 
Macallan  [12],  and  of  Kreman  [10]. 


H2Se04*l 

H20“H2S04 

1*H20 

Quantity 
of  E2Se04 • 
•H2O  (vt. 

i) 

Melting 

point 

(in  •) 

4 

Quantity 
of  E2Se04 • 
•B2O  (vt 

Melting 
point 
(in  •) 

0 

9.5 

63.41 

12:6 

13.28 

8.5 

76.26 

15.6 

26.41 

7.0 

85.39 

19.0 

37.65 

5.0 

91.01 

21.6 

48.17 

8.0 

100.00 

24.0 

56.90 

10.6 

• 

!Ihe  melting  points  of  mixtures  of  the  monohydrates  of  selenic  and  sulfuric 
acids  are  given  in  Table  2.  The  fusion  diagram  of  the  system  H2Se04*H20“H2S04*H20 
is  displayed  in  Fig.  2.  This  diagram  is  analogous  to  the  preceding  one,  vlth  a 
eutectic  corresponding  to  37»5^  H2Se04*H2d  and  at  5*«  Thus  the  monohydrates  of 
,  selenic  and  sulfuric  acids,  like  the  acids  themselves,  do  not  form  solid  solutions. 
Since  the  difference  betveen  the  radii  of  the  hydrated  ions  SeOf”  and  SOf’  should 
be  still  smaller  than  the  difference  betveen  the  radii  for  the  unhydrated  ions, 
ve  also  >iave  to  explain  the  absence  of  isomorphism  betveen  the  monohydrates  by 
a  difference  of  structure  of  their  elementary  cells. 

I  .  .  •  TABLE  3 


Quantity  of 

B2Se04 • 4B?0 

(in  vt.^) 

(in  mol  i>) 

65.59 
7i*.55 
83. 2U 
88.38 
100.00 


The  fusioQ  diagram  for  the  system  H2Se04*4H20-H2S04*4H20  Is  shown  In  Fig.  3,  from 
detarmlnatlons  of  meltiniz  noints  which  are  siven  in  Tn'hle  t  ' 


of  the  systems  selenlc  .for  the  systems  E2Se04*  .  for  the  system  H2Se04* 

acid-snlfuric  acid.  S20~H2S04*H20.  4h2O'H2S04*B20. 

A,  -  temperature  (in  *)  A  -  temperature  {in  *);  A  -  temperature  (in  *); 

B  -  quantity  of  H^04  *B  -  quantity  of  H2Se04-  B  -  quantity  of  ^Se04* 

Cln  vt.  $)  •EsO  (in  vt.  hSzO  (in  mol  $) 

As  Is  shown  In  Fig.  3>  &  continuous  series  of  solid  solutions  Is  formed  here. 
The  approximate  linear  course  of  the  curve  (the  true  straight  line  Is  shown 
dotted)  Indicates  the  absence  of  Interaction  between  the  components  and  the 
approximation  of  the  system  to  an  Ideal  one.  It  Is  Interesting  to  note  that  a 
similar  form  of  curve  has  been  found  In  phase  diagrams  of  the  systemr  heavy 
water-light  water  (9).  The  formation  of  solid  solutions  between  the  tetrahydrates 
Indicates  that  they  are  Isomorphous.  ■  - 

Ve  note  that  Kreman  and  Eofmeyer  [lOl  some  time  ago  studied  the  composition 
diagram  for  the  system  H2Se04“E20  and  observed  that  seeding  with  crystals  of 
sulfuric  acid  tetrahydrate  caused  the  solutions  of  selenlc  acid,  near  In 
composition  to  the  tetrahydrate  of  selenlc  acid,  to  crystallize,  which  led  them 
to  suggest  that  the  tetrahydrates  of  the  two  acids  are  Isomorphous.  The  present - 
work  confirms  their  opinion.  •  .  * 

The  following  explanation  of  the  Isomorphism  of  both  acids,  as  their  hy¬ 
dration  Increases,  may  be  put  forward.  In  spite  of  the  fact  that  the  ionic 
radii  are  nearly  the  same,  the  difference  In  structure  of  the  elementary  cells 
Is  pronounced  In  the  absence  of  molecules  of  water  of  hydration,  and  this  Is 
still  true  for  the  monohydrates.  Eowever,  as  the  number  of  molecules  of  water 
Increases,  l.e.,  as  the  hydration  Increases,  structural  differences  begin  to 
play  a  smaller  role,  since  the  molecules  of  water  adhering  to  the  outer  layer 
of  the  Ions  have  a  screening  effect.  The  difference  in  dimensions  of  the  ions 
begins  to  play  a  more  Important  role.  And  since,  with  Increase  In  hydration, 
the  relative  difference  in  radii  of  these  complex  Ions  becomes  smaller,  the 
theoretical  requirements  for  the  formation  of  Isomorphous  solid  solutions  are  . 
fulfilled.  .  • 

Thus  we  see  that  Increase  of  the  number  of  molecules  of  water  of  hydration 
brings  the  properties  of  solutions  of  selenlc  and  sulfuric  acids  nearer  to  one 
another.  Ve  thus  understand  why  the  dissociation  constants  of  sulfuric  and 
selenlc  acids,  determined  by  Earner  (11),  Agafonova  and  Khodakov  (2,5)  are  of 
the  same  order,  since  In  dilute  solutions  we  have  to  deal  with  strongly  hydrated 
Ions.  *  :  ■  * 


It  Is  oatural  that  the  similarity  hetveen  selenlc  and  sulfuric  acids 
appears  to  a  larger  degree  In  dilute  solutions  than  In  concentrated  ones^  * 

because  the  radii  of  the  spheres  formed  hy  the  hydrating  molecules  of  vater 
around  the  Ions  differ  less  than  the  radii  of  the  Ions  themselYes* 

SUMMARY  ^  :  /  '  ’  ;  r 

1.  Fusion  diagrams  for  the  following  systems  have  been  studied: 

H2Se04-H2S04;  H2Se04  •  R20-Et2S04  •  H2O;  H2Se04  •  4H20-H2S04  •  k 

The  first  two  give  curves  of  the  usual  eutectic  type,  but-  In  the  third  the 
formation  of  a  continuous  series  of  solid  solutions Is  Indicated.  Neither  pure 
selenlc  and  sulfuric  acids  nor  their  monohydrates  are  Isomorphous  while  the 
tetradiydrates  of  the  acids  are  Isomorphous  with  one  another. 

2.  The  effect  of  hydration  of  sulfuric  and  selenlc  acids  on  their  capacity 
for  the  formation  of  Isomorphous  mixtures  has  been  examined  theoretically. 

'  •  \  . 
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DBTERMUlAnOIi  OP  THE  HETFKOCAPILLARITY  OF  CLOSELT-WOVEN  FABRICS^ 


'  S.S.Yoyutsky  and  L.E.Feregudova 


In  'the  Isipregnatlon  of  textiles  vith  individual  liquids  and  aqueous 
solutions  of  emulsifiers,  the  relation  between  the  diameter  of  the  capillaries 
and  that  of  the  i>articles  of  the  hydrophobic  substances  does  not  arise  because 
the  systems  involved  are  moleculaiSy  dispersed.  The  question  is  different  when 
dispersions  are  involved.  Here,  as  a  result  of  the  large  size  of  the  particles 
of  the  hydrophobic  substances,  the  process  of  impregnation  may  be  complicated 
by  phenomena  such  as  the  sealing  of  the  passages  by  which  the  liquid  penetrates 
into  the  fabric,  and  the  deposition  of  the  disperse  phase  on  the  surface  of  the 
fabric  by  filtration. 

The  size  of  the  particles  of  impregnating  dispersions  has  been  repeatedly 
determined.  According  to  Chwala  [1],  the  dimensions  of  the  particles  of  peuraffinic 
.and  other  dispersions,  with  which  fabrics  are  usually  impregnated  to  make  them 
waterproof,  are  0.1  •  0.2^.  According  to  Heilman  and  Chomutova  the  diameter  of 
the  particles  of  albumenbltumen  emulsions,  widely  used  for  the  manufeicture  of 
artificial  leather,  is  O.SQjJi,  and  the  maximum  dieuneter  does  not  exceed 
The  diameters  of  the  particles  in  dispersions  of  synthetic  resins  usually  do  not 
exceed  2yLL[2,3l,  Synthetic  latex,  the  diameter  of  the  particles  of  which  has 
frequently  been  determined,  is  an  ultramicroscopic  system,  as  is  well  known. 

This  indicates  that  the  diameter  of  the  globules  of  latex  ccuanot  exceed  a 
fraction  of  a  micron.  The  globules  of  natural  latex  can  attain  quite  a  large ' 
size.  According  to  Lucas  [4],  the  mean  diameter  of  the  ndcroscopically  visible 
particles  is  1.5jJ..  If  we  take  into  account  the  ultramicroscopic  particles  as 
well,  then  the  average  diameter  comes  out  at  0.17^  according  to  one  measurement, 
and  0.26^according  to  another  [5].  The  particles  of  artificial  dispersions  of 
rubber  and  reclaim  are  always  considerably  larger  and  can  attain  a  size  of  10/A. 
and  more  [6].  However,  this  latter  system  is  rarely  used  for  the  impregnation 
of  fabrics,  and  it  can  in  ‘general  be  said  that  in  the  laajorlty  of  impregneuits, 
the  particle  size  does  not  exceed  1  -  2jJ- .  While  ve  are  more  or  less  clear 
about  the  diameter  of  the  paurticles  of  the  impregnant,  the  same  cannot  be  said 
about  the  size  of  the  capillaries  of  closely-woven  fabrics,  usually  used  to 
manufacture  waterproof  materials  and  artificial  leather.  No  work  has  recently 
been  devoted  to  this  question,  and  the  size  of  the  capillaries  into  which  the 
hydrophilic  particles  of  dispersion  have  to  penetrate  in  order  to  endow  the  fabric 
with  water  resistance,  remains* quite  imknown.  "  '■ 


In  the  work  described  below  we  attempted  to  determine  the  distribution 
curves,  showing  the  number  of  capillaries  as  a  function  of  their  diameter, 
for  the  closest-woven  multi-layer  i!;aterlal  -  blanket.  The  values  found  permit 
an  assessment,  though  of  a  preliminary  character,  of  the  sizes  of  the  capillaries 
into  which  the  dispersion  has  to  penetrate  and  also  makes  it  possible  to  say 
whether  the  particles  of  the  disperse  phase  can  be  filtered  out  emd  can  obstruct 
the  pores  of  the  fabric  during  impregnation. 

Communication  II  of  a  series  on  the  process  of  impregnation  of  fabrics  with 
aqueous  dispersions  of  hydrophobic  substances.  • 
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EXPESHMERTAL 


A  number  of  methods  have  been  put  forward  for  the  determination  of  the 
distribution  curves  for  diameters  of  capillaries  In  porous  systena  [T-lj]. 

In  the  Investigation  of  the  heterocapillarity  of  multi-layer  cloth  ve  used  the 
method  of  Dumanslsy  and  Ostrlkov  [12],  as  being  the  simplest  and  at  the  same 
time  sufficiently  Informative-  This  method  is  based  on  the  fact  that  the 
distribution  of  liquid  with  height  In  porous  systems.  Imbibing  liquid  from  any 
sort  of  vessel,  depends  on  the  number  of  capillaries  and  on  their  radii. 


In  its  final  form,  our  adaptation  of  this  method  for  the  determination  of 
the  heterocapillarity  of  fabrics  was  as  follows-  *.  •  . 


A  sufficiently  long  strip  of  the  material  being  Investigated,  1  cm  vide, 
previously  marked  out  in  divisions  with  pencil,  was  suspended  In  a  vertical 
glass  tube  by  means  of  a  wire  hook.  Inserted  Into  a  cork  which  closed  the  upper 
end  of  the  tube.  The  lower  end  of  the  tube  dipped  Into  an  Erlenmeyer  flask, 
to  such  a  depth  that  the  end  of  the  strip  was  Immersed  to  a  depth  of  2  cm  in 
the  liquid  which  covered  the  bottom  of  the  flask.  Our  experiments  themselves 
showed  that  the  most  suitable  liquid  Is  alcohol,  which  completely  vets  cotton 
fibers.  In  order  to  prevent  evaporation  of  the  liquid,  the  neck  of  the  flask 
was  closed  with  a  bung  In  which  there  was  a  hole  the  size  of  the  tube.  The 
narks  bn  the  strip  of  fabric  were  carried  down  to  within  2  cm  of  the  lower 
end  of  the  strip.  The  distance  between  two  divisions  was  10.  cm.  At  the  lower 
end,  however,  the  first  two  distances  between  successive  marks  were  2-5  cm  each, 
and  then  there  was  one  division  of  ^  cm. 


Fig.  1  gives  a  general  view  of  the  set-up. 

After  the  Imbibition  of  liquid  by  the  fabric  had  been  terMnated  (in  our 
exi>erlments  7  days  was  sufficient  for  Imbibition)  the  apparatus  was  dismantled, 
the  strip  of  fabric  rapidly  removed,  cut  Up  Into  pieces  along  the  divisions, 
and  the  pieces  weighed. 


^y  simply  drying  them  to  constant  weight,  the  amount  of  alcohol  in  the 
pieces  was  determined  (the  moisture  In  the  pieces  prior  to  the  experiment  should 
be  taken  into  account).  The  values  obtained  give  the  percentage  of  alcohol  ' 
at  different  heights  of  strip  and  thus  the  quantitative  distribution  of  the 
alcohol  In  the  fabric.  Knowing  this  distribution,  and  determining  from  the 
capillarity  law  the  average  radius  of  the  capillaries  of  different  groups 
(fractions)  corresponding  to  definite  Intervals  of  height,  the  number,  cross 
sectional  area,  and  volume  of  the  capillaries  can  easily  be  calculated  for  each 
group. 


The  average  radius  of  capillaries  r  for  each  group  Is  calculated  from  the  - 
formula:  ,  2^ 


h-  A*  g 


where  O'  =  surface  tension  of  the  liquid  used  for  the  determination,  h  = 
average  height  of  the  given  division,  S  =  density  of  the  liquid,  g  =  acceleration 
due  to  gravity.  The  number  of  capllleirles  N  In  eacb  group  Is  calculated  from 


the  equation 


H  * 


^n  ” 


'^n  ♦  1 


Tpr' 


A  Ah 


where  Pq  =  quantity  of  alcohol  (  In  g)  In  the  n-th  section  of  the  strip  • 
from-the  Initial  (lowest)  mark;  P(n  +  i)  =  quantity  of  alcohol  (in  g)'  in  the  next 
higher  section;  Ah  =  length  of  the  section. 
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The  cross  sectional  area  S  of  the  capillaries  of  the  n*th  group,  plus 
the  cross  sectional  area  of  all  the  capillaries  of  smaller  diameter  vas 
calculated  from  the  following  equation:  ^  .....  . 


-.-•r 


Hence  the  cross  sectional  area  of  the  capillaries  of  the  n-th  ^oup  *is  ez» 
pressed  hy  the  equation  ^  ^ 

; ‘  i ,  1-  •  .  *  ^?n  ”  ^^n  **ii 

_ .  -  ---  :  .  •  .  -  | 

.  Since,  In  the  calculation  of  the  cross  sectional  area  of.  the  capillaries, 
the  quantity  of  alcohol  relates  tp  unit  length  of  the  fabric  sir  Ip,  it  Is  evident 
that  the  volume  of  the  capillaries  of  each  group  is  numerically  equal  to  the 
corresponding  cross  sectional  area.  *: 


From  the  data  thus  obtained,  the  cross  section  areas  or  volumes  were 
easily  calculated  for, each  group  as  a  percentage  of  the  total  cross  sectional 
area  or  volume  of  the  capillaries,  and  In  this  way  a  graph  of  the  distribution 
of  pores  according  to  their  diameters  can  be  constructed  using  the  generally 
known  graphical  procedure.  ,  -  .  ?  c  : 


’  For  Investigations  with  this  method,  four-layer  unshrunk  blanket  material 
and  two-layer  normal  material  were  used,  for  which  the  number  of  threads  for  warp  * 
and  weft  were  respectively  65/3  and  4l/3  for  the  four-layer,  and  85/3#  85/3 
for  the  two-layer  material.  The  four-layer  material  was  taken  In  both  the  un¬ 
bleached  and  the  sco’ored  condition.  The  scouring  was  done  by  boiling  the 
fabric  for  2  hours  with  a  20^  solution  of  caustic  soda,  followed  by  a  thorou^ 
washing  out  of  the  alkali  with  water.  ^  _ _ ;  *. 


,  Preliminary  experiments  showed  that 
sufficiently  reproducible  results  could  be 
obtained  when  working  with  difference  strips 
taken  from  one  and  the  same  sample  of  fabric. 
Further  special  experiments  showed  that  there 
was  no  Influence  on  the  results  of  the 
direction  In  which  the  liquid  was  Imbibed  by 
the  fabric.  Identical  results  were  obtained 
with  strips  suspended  either  by  the  warp  or 
the  weft,  from  which  It  can  be  concluded  that 
the  character  of  the  capillarity  Is  very  nearly 
Identical  In  both  directions. 

Finally,  since  the  level  of  the  meniscus 
In  the  capillaries  can  be  arrived  at  either  by 
the  Imbibing  of  liquid  by  the  capillaries,  or 
by  the  draining  out  of  liquid  from  the  previously 
filled  capillaries,  we  carried  out  experiments 
with  rising  and  falling  liquid.  For  this  pur¬ 
pose,  In  parallel  with  experiments  by  the 
ordinary  method,  other  experiments  were  made 
in  which  the  strips  were  Impregnated  with 
alcohol  to  complete  filling  of  the  capillaries, 
and  the  strips  were  then  suspended  In  the  tube. 

In  other  respects  the  method  was  the  same. 

The  results  obtained  are  shown  In  the  Table. 


The  experiments  showed  that  the  capill¬ 
aries  were  filled  to  a  higher  level  by  the 
falling  than  by  the  rising  method.  This  Is 


Fig.  1.  General  view  of  the 
apparatus . 
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evident^  to  be  explained  by  the  hysteresis  vhich  alvays  occurs  with  such 
^enomena*  .  ...  ^ 

In  Fig.  2  are  the  curves  for  the  distribution  of  number  of  pores  as  a 
function  of  their  size  for  four-layer  material,  constructed  ftroa  the  average 
data  of  the  Table.  It  can  easily  be  seen  that  the  most  numerous  pores  are 
those  having  a  size  of  lO-JOp, .  However  it  can  also  be  seen  that  there  are. 
In  blanket  material,  many  po^s  of  larger  diameter.  On  the  other  hand  there 
are  very  few  pores  with  a  diameter  of  less  than  10^. 


®  30) 


T 


Fig.  2.  Curves  for  the  distribution  of 
capillaries  In  unbleached  four-layer 
blanket  material. 

S  (in  ja) 
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We  similarly  carried  out 
.  experiments  for  the  determination 
of  the  quantity  amd  total  cross 
•  section  (volume)  of  the  capill¬ 
aries  of  different  diameters  In 
unbleached  four-layer,  scoured 
four -layer  and  unbleached  two- 
■  -layer  material.  These  deter¬ 
minations  could  only  be  carried 
out  by  the  Imbibing  method. 

Hence  the  results  obtained,  pre¬ 
sented  in  the  curves  of  Fig.  3# 
are  not  absolute  but  relative. 
Examination  of  them  shows  that 
scouring  the  fabric  diminishes 
the  total  cross  sectional  area 
(and  volume)  of  the  coarse  cap¬ 
illaries  in  the  fabric  but,  on 
the  other  hand,  widens  the 
smaller  ones.  In  another  paper 
'  .  .  (1^1  we  have  demonstrated  that. 

In  spite  of.- shrinking,  scouring 
causes  an  Increase  of  the  capillary  volume  of  the  fabric. 

It  can  be  seen,  from  the  curves  in  Fig. 2  that  those  for  the  two-layer  material 
have  the  same  character  as  the  curves  for  distribution  of  pores  In  the  foinr-layer 
material.  However,  according  to  the  results  presented  in  [l4]  just  cited,  both 
unbleached  and  scoured  four-layer  blanket  material  have  higher  true  porosities 
than  two-layep  mpt^ihl,  indicating  that  the  latter  is  denser  than  the  former. 
This  Is  evidently,  due  to  the  fact  that  the 
four-layer  material  was  unshrunk. 

•  Comparison  of  the  sizes  of  the 
capillaries  of  the  fabric  with  the  di¬ 
mensions  of  the  Impregnating  dispersions  . 
shows  that.  In  the  Impregnation  of  even 
the  closest-woven  multi-layer  fabrics, 
with  the  usual  dispersions  of  hydrophobic 
substances,  (i>araffln,  albumen-bitumen, 
synthetic  resin,  synthetic  and  natural 
latex  dispersions)  simple  blockage  of 
the  capillaries  or  filtering  out  of  the 
disperse  phase  Is  not  very  probable. 

Ihls  conclusion  Is  supported  by  the  fact 
that  there  Is  no  direct  connection  be- 
..  tween  the  size  of  the  particles  of  the 
dispersion  and  their  capacity  for  Im¬ 
pregnation.  '• 


Fig.  3-  Distribution  curves  for  cap¬ 
illaries  In  unbleached  four-layer  end 
unbleached  two-layer  blanket  material. 
A  -  (in  B  -  d(in/t);  1  -  unbleached 
four-layer  blanket;  2-  scoured  four- 
-layer  blanket;  3  -  unbleached  two- 
layer  blanket. 
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Besults  of  Experiments  on  the  Determination  of  the  Heterocapillaritj 
of  Blanket  Material 


Limiting 
values 
of  the 
diameters 
of  capil¬ 
laries  of 
each  group 
(in^J 


Number  of  capillaries  per  1 
cm^  cross  sectional  area 


Area  of  capillary  per  1  c 
cross  section  of  the  sample 


Determin¬ 

ations 

draining  Average 
(liquid  .  value 
falling) 


t6l-230 

230-115 

115-57.6 

57.6-38.8 

38.8- 28.8 

28.8- 23.0 
23.0-19.2 
19.2-16.4 

16.4- 14.4 

14.4- 12.6 

12.8- 11.4 

11.4- 10.4 

10.4- 9.6 


0.05 
312I  0.45 


0.833 


346 

0.5 

1090 

0.5 

718 

0.5 

0.063 

8.2 

1083 

1.4 

1973 

0.9 

1530 

l.I 

0.050 

6.5 

3660 

5.1 

}>tzo 

1.6 

35U0 

2.5 

0.062 

8.1 

4470 

6.2 

5100 

2.4 

4780 

5.4 

0.040 

5.2 

1123c 

15.5 

8270 

3.9 

9750 

6.8 

0.057 

7.4 

19050 

26.3 

9930 

4.7 

14490 

10.2 

0.066 

8.6 

20615 

28.5 

U750 

2.2 

12675 

6.9 

0.050 

6.5 

•4680 

6.5 

23200 

11.0 

13940 

9.8 

0.008 

1.1 

1130 

1.5 

16200 

7.7 

8665 

6.1 

0.0016 

0.2 

5770 

8.0 

101000 

47.8 

55585 

57.8 

0.0015 

0.2 

— 

— 

22600 

10.7 

11300 

7.9 

— 

— 

— 

— 

13580 

6.4 

6790 

4.8 

•— 

— 

72567 

100.0 

211253 

100.0 

l4lBc8 

100.0 

0.772 

Loao 

0.115 

0.200 


0.144 

o:i3x 

0.071 

0.060 

0.041 

0.052 

0.050 

0.033 

0.025 

0.012 

0.062 

0.010 

0.005 


However  this  state  of  affairs  would  be  considerably  changed  if  a  dispersion  with 
very  large  particles  were  used  for  impregnation  (artificial  dispersions  of 
rubber  and  reclaim,  prepared  by  mastication  or  by  replacement  of  the  solvent, 
structural  latex,  Irregular  preparations  of  the  other  types  of  impregnating' 
dl8i>ersions).  In  these  cases  when  the  size  of  the  disperse  particles  is  larger 
than  lOji,  blockage  of  the  capillaries  and  filtering  out  of  the  disperse  phase 
during  impregnation  will  be  inevitable. 

SUMMARY  -■ 

1)  A  comparatively  simple  method  for  determining  the  heterocapillarity  of 

blanket  material  has  been  worked  out.*  ^  - 

2)  Using  this  method,  curves  for  the  distribution  of  pore  diameter  as  a 

function  of  number  of  pores  have  been  obtained  for  unbleached  and  for  scoured 
unshrunk  four-layer  blanket  material,  and  for  unbleached  two-layer  material, 

and  their  character  has  been  discussed.  It  has  been  shown  that  in  all  these  forms 
of  the  material,  the  maximum'  on  the  distribution  curve  occurs  at  10-30^.  There 
are  many  larger  capillaries  but  very  few  with  a  diameter  less  than  IC^JL- 

3)  It  has  been  shown  that  scouring  the  fabric  decreases  the  number  eind  total 

cross  sectional  area  of  the  large  capillaries  but  Increases  the  number  of 
•capillaries  of  small  diameter.  ^  , 

4)  Since  the  dimensions  of  the  capillaries  are  usually  considerably  larger 
than  those  of  the  particles  in  Impregnating  dispersions,  it  can  be  concluded 
that  filtering  out  of  the  disperse  phase  or  obstruction  of  the  capillaries  by 
particles  is  only  likely  if  Impregnation  IS  carried  out  with  dispersions 


• 
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containing  extremely  coarse  particles,  (vltb  a  diameter  of  the  order  of  lOjt- 
and  higher).  .  .  ,  ......  _ _ _  _ 
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EVALIIATIOH  Q?  BOILER  BLOWDOWN  AS  A  METHOD  OP  COUNTERING 
'  FQAMIHG  OP  BOIIER  W 

_  S.  A*  Dizrov^  *Yia.  M.  Bemtrovslsy  and  B.  G.  Fesenko 
Hydrochealrnl  lastitute  of  the  USSR  Acadeov  of  Sciences 


One  of  us  [l]  has  established  that  the  foaming  of  boiler  vater  Is  due  to 
three  causes:  presence  of  Inorganic  colloids  of  some  optimum  degree  of  disper¬ 
sion;  the  attainment  of  a  definite  concentration  of  electrolyte;  and  the  rate 
of  lowering  of  the  pressure  of  steam  over  the  water.  The  concentration  at 
which  foamy  priming  In  Iron  vessels  reaches  half  of  Its  tnayiTnuni  value  is  quite 
deflnltej  and  is  different  for  each  electrolyte.  "In  particular^  Sar  sodium  salts 
the  effect  jof  the  sqlfhte  Is  greater  than  that  of  the  chloride. 

Por  a  mixture  of  salts^  sulfate  and  chloride,  as  Indicated  by  Foulk  (2l 
the  additivity  rule  does  not  apply;  our  mixture  had  a  greater  activity  than 
would  be  expected  from  an  arithmetical  average  between  the  activities  of  the 
pure  components  at  the  same  concentration  expressed  rationally,  i.e.«  In  mg- 
-equlv/llter.  Our  observation  of  the  effect  of  colloidal  Iron  hydroxide,  e 
product  of  the  corrosion  of  the  walls  by  boiler  steam  (5l»  was  not  made  by  Foulk 
nor  by  other  investigators  of  the  foaming  of  boiler  water. 

Attempts  to.  prevent  the  foaming  of  boiler  water  can  follow  three  courses, 
corresponding  to  the  three  factors  mentioned: 

l)  'action  on  the  colloid  part  of  the  foamln'g  system  by  lowering  the  content 
of  colloids,  e.g.,  by  a  more  complete  extraction  from  the  feed  water  of  calcium 
and  magiesium  salts  which  give  finely  divided  precipitates,  by  preventing  the 
corrosion  of  iron  in  the  holler,  or  by  changing  the  degree  of  dispersion  of  the 
colloid  substance;  . 

2}.decrea6l^  the  concentration  of  electrolyte  in  the  boiler"  watei*  by  blow¬ 
down; 


diminishing" the*  rate  of  fall  of  pressure,  ellminatlhg  sharp  fluctnations 
in  the  running  of  the  boiler,  smooth  opening  of  the  steam  regulator. 

"The  latter,  "third,  means  Is  utilized  by  the  best  locomotive  engineers  and 
•allows  them,  even  In  districts  with  known  poor  water,  to  Increase  the  time 
between  flushes  and  to  save  fuel*  Laboratory  Investigations  of  thl3  factor  were 
carried  out  by  Ftcenko.  •  •  * 

Officially,  both  In  electric  power  stations  ^d  In  mil  transport,  the 
Second  method  is  used  -  blowdown  of  the  boiler.  The  intensity  of  the  blowdown 
Is  established  experimentally,  because  present  theory  does  not  provide  a  sufflc— - 
lent  criterion,  and  practice  has  shown  that  for  each  boiler  it  is  necessary  to 
establish  Its  own  'critical  load*  above  which,  at  the  given  salt  content,  a  more 
Intensive  blowdown  Inevitably  results  in  carrying  salts  away  with  the  steam  and 
even  in  the  danger  of  ejection  of  water  Into  the  steam  pipe.  After  a  number  of 
tests  the  salt  concentrations  which  can  ensure  prolonged  normal  running  of  the 
boiler  at  the  designed  working  pressure,  are  established. 


The  control  of  the  hlovdovn  is  made  relative  to  the  total  salt  content 
(in  pover  stations)  or  to  the  chloride  content  (on  the  railvays). 

A  sharp  change  of  established  practical  norms  of  salt  content  for  deferent 
boilers,  even  those  with  the  same  system  and  same  dimensions,  is  not  explained. 
Ihus,  Shkrob  14]  gives  the  following  data. 

In  the  condensate  of  the  power  station  of  the  Shterovsk  hydro-electric 
station  the  established  norm  for  the  dry^  residue  of  boiler  water  is  200  mg/ 
liter,-  and  for  Zugres  it  is  I5OO  mg/liter.  For  a  number  of  steam  raising 
plants  at  the  Thrals  Wagon  Works  the  norm  was  found  to  be  1100  mg/liter  and  at 
&vdongres,  4000  mg/liter.  As  a  norm  for  boiler  water  of  average  pressure 
Shkrob  {5]  showed  that,  depending  on  the  separatory  equipment,  a  practical  value 
of  1^00-^000  mg/liter  may  be  assumed. 

Thus,  such  an  Important  index  of  the  running  of  a  boiler  as  the  percentage 
of  blowdown  water  is  only  determined  while  the  boiler  is  running.  This  percen¬ 
tage  is  also  seriously  affected  by  seasonal  fluctuations  in  the  feed  water 
composition. 

In  rail  transport  things  are  more  complicated,  because  the  blowdown  norms 
must  be  established  separately  for  each  'Traction  Branch*  and  for  each  type  of 
locomotive.  Any  breaks  in  the  chart  showing  the  feed  water  composition  at 
separate  stations,  indicating  sharp  changes  in  the  quality  of  the  water,  can 
lead  to  unexpected  foaming  and  foamy  priming,  or  to  scale  formation. 

For  the  further  elucidation  of  the  conditions  of  the  formation  of  foaming 
systems  in  a  boiler  our  work  was  extended  in  two  directions  relative  to  colloids 
and  electrolytes.  The  investigation  was  made  via  the  method  of  foany  priming 
(11^.  .  .  . -  :  .  .  . 

Investigations  by  Nemlrovsky  [6]  showed  that  foaming  in  a  glass  flask  in 
the  presence  of  an  electrolyte  is  caused  by  inorganic  colloids  of  negative 
charge.  In  an  earlier  investigation  it  was  shown  [1]  that  the  foaming,  condl-  * 
tloned  by  the  presence  of  inorganic  colloids  of  positive  charge,  is  caused 
predominantly  by  the  anions  of  the  salt  -  by  the  sulfate,  chromate,  carbonate,  ' 
chloride,  etc.,  ions.  Negatively  charged  colloids  depend  for  their  foaming 

action  mainly  on  the  cations:  calcium,  magnesium,  sodium,  potassium,  bariui^  etcl 

• 

The  values  of  the  foany  prime  are  approximately  the  same  for  colloids  of 
different  sign.  Thus,  changing  the  sign  (cheurge  reversal;  of  the  colloids 
cannot  be  of  practical  assistance  in  dealing  with  foaming. 

•In  Nemlrovsky' s  work  (foaming  in  a  glass  flask  -  negative  colloids)  with  a 
mixture  of  salts,  considerable  deviation  from  additivity  in  the  direction  of  an 
enhanced  foaming  pover  was  observed.  Nemlrovsky  turned  his  attention  to  the 
fact  that  a  larger  foaming  power  is  caused  by  negatively  charged  colloids  of  an 
Intermediate  degree  of  hydrophilic  character.  Strongly  hydrophobic  colloids, 
for  example  arsenic  sulfides,  do  not  cause  foaming. 

In  the  work  of  Fesenko  [7]  on  mixing  two  and  three  electrolytes  in  an  iron 

^)  Study  of  the  foaming  systems  by  the  method  of  foamy  priming  is  made  by  heating 
the  solution  under  investigation  (O.5  liter)  in  a  flask  (l  liter)  aftey  which  the 
pressure  on  the  solution  is  rapidly  lowered  (by  ^00  mm  Eg  in  10  sec).'  The  inten¬ 
sity  of  the  foaming  Is  measured  by  the  foamy  priming,  l.e.  the  number  of  ml  of 
water  carried  away  with  the  steam;  The  more  stable  the  foam  the  larger  the 
foamy  prime,  under  the  Indicated  conditions. 
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flask,  non-additivity  of  the  foaming 
action  vas  also  observed.  As  a  rule  the 
nixtuie  is  more  active  than  the  separate 
components.  In  Figure  1,  taken  from  the 
data  of  Fesenko,  diagrams  of  foai^ 
priming  for  the  ternary  system  NeiCl- 
-HasCOa-NaOH  are  displayed  at  a  total 
constant  concentration  of  ^0  to  60 
Bg-equlv. /liter.  Figure  2  gives  the 
same  results  for  the  ternary  system 
Ra2SO4-Na2C03-NaOH,  likewise  at  ^0  and 
60  mg-equlv. /liter. 

from  the  diagrams  the  strong 
foaming  action  of  sodium  sulfate  rela¬ 
tive  to  that  of  sodium  chloride  can  be 
seen.  In  the  first  case  a  particuleirly 
strong  action  is  produced  by  the 
ternary  mixture  corresponding,  for  example. 


isttwo 

«  AWN  H9iC0i  ,  y  Hactt 
Flg.l*  Isofrodes^  of  the  system 
HaCl-Ha2C03-Na0H.  Concentration  of 
electrolytes  (in  mg-equlv/llter): 
a  -  5O5  ^ 

Figures  on  the  diagram  Indicate  the 
values  of  the  foamy  prljne  (in  ml). 

to  the  center  of  the  ternary  diagram'. 


'  /vV- 


It  should  be  borne  in  mind  that,  with  different,  values  of  the  total 
concentration  of  electrolytes,  different  distributions  of  the  foamy  prime  on 
the  diagram  are  produced.  Fesenko  obtained  diagrams  for  total  concentrations  of 
20,  IfO,  50,  60,  80,  100  and  120  mg-equlv. /liter. 

On  the  basis  of  Fesenko 's  data  it  can  be  calculated  that  for  each  concentra¬ 
tion  of  mixture  there  is  a  unique  value  of  the  foamy  prime.  Plotting  such 
calculations  for  a  prime  of  200  ml  (from  ^00  ml  solution  in  a*  liter  flaski  which 
corresponds  to  half  the  maximum  prime)  we  obtained  the  diagrams  displayed  in 
Figures  3a  and  3^.  •  l'  *  .  '  . 

The  different  character  of  the  iso-  ^  *  /  '• 

concentration  lines  on  going  from  sodium  ..  * 

chloride  to  sodium  sulfate  can  be  seen  '//-X.-  .v* 

at  a  glance.  One  and  the  same  prime  may  .i./ •'  /v  V  •  Z 

be  obtained  at  a  total  concentration  ,  * 

changing  from  44  to  74  mg-equiv. /liter ' 

We  met  vith  very  different  foaming  v 

^vers^at  one  and  the  total  con-  ;  ;  jaottodes  for  the  system 

centratlon.  ^Is  showed  t^t  the  value  •  Ha®SO.-HaaC03-H40H.  Concentration 
or  the  general  salt  content  cannot  .m  ^  ^  /.  .  /v.a  \ 

esawr  «  t-  *  i  ^  electrolytes  (in  mg-equiv. /liter): 

serve  as  a  basis  for  the  standardization  ^  cq  “o'*  / , . 

and  control  of  blowdown.  It  is  ®  ^  J  •  . 

necessary  to  take  into  consideration  Figures  on  the  diagrams  Indicate 

_that,  at  equal  concentrations,  chlorides  values  of  foamy  primes  (in  ml), 
have  better  electrical  conductivities 

than  sulfates.  Consequently,  measures  of  salt  content,  obtained  by  measurement 
of  electrical  conductivity,  only  weakly  reflect  an  Increase  of  sulfate  concen¬ 
tration  and  in  typical  continental  feed  waters  such  as  that  of  Donbass,  N. 
Caucasus,  Kazakhstan,  etc.,  sulfate  predominates  over  chloride.  A  mechanical, 
generalized  approach  to  this  question  should  be  replaced  by  the  establishment  of 
the  l^atlon  of  the  boiler  water  composition  on  the  foaming  diagrams. 

In  the  composition  of  boiler  water  it  is  necessary,  fora  first  approxlma-  ■ 
^)  Isofrode  *  line'.of.  constant  foaming  power. 


a  floOft  .  .-b 

Flg.2.  .Isofrbdes  for  the  system 
Na2S04-Na2C03-Na0H.  Concentratlop 
of  electrolytes  (in  mg-equiv. /liter): 
a  -  5O;  y  -  ^0- 

Flgvures  on  the  diagrams  indicate 
values  of  foamy  primes  (in  ml). 


t 
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rf  -  system  HaCl-NagCOa-RaOH;  b  -  system  l?a2S04-Na2C03-Na0H. 

tlon,  to  take  account  of  the  sulfate  and  chloride  content  and  also  that  of 
sodium  carbonate  and  caustic  soda.  In  high  pressxire  boilers  sodium  carbo¬ 
nate  has  little  Importance.  In  power  stations  attention  should  be  directed 
to  the  relationships  between  the  three  electrolytes:  Na2S04,  NaCl,  NaOH.  On 
the  railways  the  feed  water  must  be  characterized  not  only  by  its  hardness 
and  by  a  quantitative  determination  of  the  chloride  (for  calculation  of  the 
antl-scallng  dose)  but  the  alkalinity  and  chloride  content  should  also  be 
determined.  We  earlier  showed  the  Importance  of  sulfates  for  normal  blowdown 
on  rail  transport  [6). 

The  use  of  the  so-called  'caustic  soda  number*  Is  based  on  an  annoying  mis¬ 
understanding  Introduced  into  boiler  practice  by  American  Investigators,  and 
Is  not  Justified  nowadays.  It  Is  necessary  to  take  account  of  the  content  of 
each  electrolyte,  and  the  effect  of  their  mixtures  In  the  presence  of  inorganic 
colloids  should  be  determined  from  diagrams. 

Attention  should  be  directed  to  the  formation  of  slimy  deposits  of  such  a 
degree  of  dispersion  and  hydrophilic  character  as  will  Inhibit,  on  the  one  hand, 
the  formation  of  solid  crystalline  scale  and,  on  the  other  hand,  the  formation 
of  stable  foamy  systems. 

We  propose  to  extend  our  work  further  to  a  study  of  the  effect  of  mixtures 
of  colloids  and  of  mixtures  of  electrolytes  -  more  complex  and  with  other  ions. 

At  present  we  can  already  assert  that  the  prevention  of  foamy  priming  of 
boiler  water  by  the  use  of  mechanical  separators  and  blowdown  Is  not  so  simple 
as  appeared  at  first  glance  and  Is  not  economical  in  the  majority  of  cases. 

A  solution  of  this  question  depends  on  the  action  of  the  colloidal  part  of 
the  foaming  system. 

SUMMARY 

1)  In  an  investigation  of  the  foaming  power  of  boiling  solutions,  by  the 
method  of  foamy  prime  It  was  found  that  mixed  electrolytes  as  a  rule,  are 
more  effective  than  would  be*  expected  from  the  additivity  rule. 

2)  The  foaming  action  of  inorganic  colloids  of  both  positive  and  negative 
sign  has  been  established. 

3)  Diagrams  of  foamy  primes  for  ternary  systems  of  electrolytes, 
characteristic  of  boiler  water  in  iron  boilers,  have  been  obtained. 
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The  Dethod  of  controlling  holler  blovdovn  hy  the  chloride  or  total  calt 
content  of  the  holler  vater,  should  he  replaced  hy  the  more  rational'  method  Of  .. 
determining  the  foaming  power  from  diagrams  far  ternary  (and  quaternary)  ...  *  . 

systems. 
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^C»n)  AIX-UNIOH  CORFHIENCE  OH  THE  HISTORY  OF  EUSSIAH  CHEMISTRY 


•  The  second  AU^lhlon  Conference  on  the  History  of  Russian  Chemistry,  held 
In  Leningrad  on  April  21-26,  1951/  provoked  great  Interest  and  attracted  many 
participants.  More  than  80  member  chemists  came  from  Erevan,  Baku,  Sverdlovsk, 
Kharkov,  Riga,  Kishinev,  Yaroslavl,  Kazan,  Tomsk,  and  other  towns. 

The  conference  opened  with  some  Introductory  remarks  by  M.  M*  Dubinin,  the 
Academic  Secretary  of  the  Division  of  Chemical  Science  of  the  USSR  Acadecgr  of 
Sciences  .  who  noted  that,  during  the  time  which  had  elapsed  between  the  first 
and  second  Conferences  on  the  History  of  Russian  Chemistry,  Important  developments 
had  taken  place  In  the  scientific  life  of  our  country,  having  an  enormous  effect 
on  the  further  progressive  development  of  Soviet  science.  .  -  - 

'  Acad.  Dubinin  said  that  the  inspired  work  of  Joslf  Vissarionovich  Stalin  in 
the  field  of  linguistics  constituted  a  new  and  powerful  stimulus  for  developments 
'  In  all  fields  of  science.  This  work  by  J.  V.  Stalin  had  a  special  and  great 
significance  as  a  guide  for  the  working  out  of  a  methodological  basis  for  the 
history  of  chemistry. 

Afterwards  Acad.  A.  E.  Arbuzov,  the  chairman  of  the  Commission  on  the 
History  of  Chemistry,  rose.  He  reviewed  the  whole  work  of  the  first  Conference, 

In  which  was  noted  the  fundaciental  value  for  physical  chemistry  of  the  outstand¬ 
ing  work  by  the  gifted  representative  of  Russian  science,  Mikhail  Vasillev 
Lomonosov.  It  was  proved  at  the  first  Conference  on  the  History  of  Russian  "x 

Chemistry  that  the  opinion  which  had  been  held  for  decades  -  that  W.  Ostwald  j 

was  the  founder  of  physical  chemistry  -  was  Incorrect.  Ostwald  was  still  a  stu-f 
dent  at  the  Realschule  In  Riga  when  Acad.  H.  H.  Beketov,  in  i860,  delivered  to  1 
the  students  at  Kharkov  University  a  course  entitled  ‘Relation  of  Physical  and  / 
Chemical  Phenomena  to  One  Another*,  and  In  I865  Beketov  Initiated  a  course  on 
'Physical  Chemistry*.  Enonaous  contributions  to  the  development  of  physical 
chemistry  were  made  by  the  outstanding  Russian  scientists  D.  P.  Konovalov, 

V.  P.  Alekseev,  H.  S.  Kurnakov,  H.  A.  Menshutkln,  I.  A.  Kablukov,  V.  F-  L^lnln, 
and  many  others.  *  .  . 

Corresponding  member  of  the  USSR  Academy  of  Sciences  A.  A.  Maximov,  In  his 
report  'Significance  of  the  Work  of  J.  V.  Stalin  on  Linguistics  for  the  History 
of  Natural  Science*  showed  that  the  work  of  J.  V.  Stalin  on  linguistics 
constituted  a  new  step  In  the  development  of  Marxist  theory  and  In  the  general 
advance  of  science. 

Class  Ideology  acts  as  the  weapon  of  class  Interest  In  the  theory  of  science  ^ 
Objective  truth  always  enters  Into  the  composition  of  this  or  that  view  of  the  ^ 
world,  expressed  In  this  or  that  Ideological  form.  Bourgeois  Ideology,  Inimical  \ 
to  science,  makes  special  use  of  one-sided.  Incomplete,  and  relative  scientific  ^ 
knowledge. 

,  Corresponding  Member  of  the  USSR  Academy  of  Sciences,  B.  A.  Arbuzov,  In  his 

•  report  'Butlerov's  Theory  of  Structure  and  Its  Development*  emphasized  that  the 
■  Importance  of  this  structural  theory,  one  of  the  greatest  achievements  of  human 
genius,  had  become  particularly  clear  recently,  when  such  basic  concepts  In 
chemistry  as  the  nature  of  the  chemical  bond  were  under  criticism  and  review, 
from  the  standpoint  of  dialectical  materialism.  The  report  showed  that  bourgeois 
chemical  history  usually  bell-ttles  Butlerov  as  the  author  of  structural  theory. 


and  that  the  task  of  Soviet  scientists  Is  to  combat  all  Idealistic  views,  and  to  * 
deei>ea  and  extend  the  theory  of  structure  of  organic  compounds  ‘on  the  hasls  of 
the  achievements  of  present-day  science.  •  .  * 

*  ‘Acting  Member  of  the  Academy  of  Sciences  of  the  Azerbaijan  Federal  Bepubllc, 
Tu.  G.  Mamedallev  devoted  his  report  to  the  'History  of  the  Development  of 
letroleum  Chemistry  In  Russia* .  The  basis  of  the  scientific  chemistry  of 
petroleum  was  laid,  said  the  report,  by  the  notable  Investigations  of  the  out¬ 
standing  exponents  of  Russian  science  -  A.  M.  Butlerov,  D.  I.  Mendeleev,  H.  D. 
Zelinsky,  G.  G.  Gustavson,  V.  V.  Markovnlkov,  M.  I.  Konovalov,  and  8.  S.  Ramef-  . 
kin,  whose  work,  for  those  days.  Is  astonishing  for  Its  deep  creative  sense,  and 
for  Its  gift  of  scientific  prevision,  ^y  using  Butlerov's  reaction  In  hundreds 
of  plants  throu^out  the  world,  the  needs  of  contemporary  aviation  for  millions 
of  tons  of  Isooctane  are  satisfied.  The  talented  Russian  scientist  Tu.  V. 
Lermontova,  a  representative  of  the  Butlerov  school,  achieved  an  extremely 
Illuminating  synthesis  of  Icooctylene  by  alkylation  of  Isobutylene  with  tertiary 
butyl  Iodide. 

Butlerov's  own  evaluation  of  his  discovery  of  the  conversion  of  Unsaturated 
hydrocarbons  Into  the  corresponding  saturated  alcohols.  Is  an  example  of  scien¬ 
tific  prevision:  'The  reaction  promises  to  acquire  practical  value  In  time;  should 
a  cheap  source  of  ethylene  be  discovered  It  would  then  provide  a  method  for  the' 
manufacture  of  alcohol.*  At  the  present  time  ethyl  and  other  alcohols  are 
synthesized  on  the  large  scale,  the  raw  material  being  the  unsaturated  hydrocarbons 
present  In  the  gas  resulting  from  pyrolysis  and  cracking. 

G.  G.  Gustavson  was  the  first  to  Indicate  the  catalytic  properties  of 
aluminum  halides;  he  studied  In  detail  the  products  of  Interaction  of  alkyl 
halides  with  aromatic  hydrocarbons,  and  carried  out  a  searching  Investigation  to 
elucidate  the  mechanism  of  the  reaction  of  organic  compounds  In  the  presence  of 
aluminum  halides.  He  was  the  first  In  the  history  of  science  to  achieve  the 
catalytic  transformation  of  petroleum  hydrocarbons  In  the  presence  of  metal 
halides.  The  first-rate  significance  of  G.  G.  Gustavson* s  Investigations  has 
been  Intentionally  Ignored  by  many  foreign  authors. 

More  than  20  years  of  productive  work  were  devoted  to  the  Investigation  of 
the  ccraposltlon  of  Caucasian  petroleum  by  A.  M.  Butlerov's  pupil,  V-  V.  Markov¬ 
nlkov.  The  chemical  method  for  the  concentration  of  petroleum  hydrocarbons, 
which  Markovnlkov  worked  out.  Is  used  In  all  the  laboratories  of  the  world. 

The  labors  of  Vreben,  Justly  Including  those  of  Acad.  N.  M.  Klzhner,  con¬ 
stitute  cornerstones  of  a  wide  section  of  organic  chemistry,  the  cyclic  hydro¬ 
carbons  group,  and  have  had  a  decisive  effect  on  the  treatment  of  petroleum. 

M.  I.  Konovalov,  a  pupil  of  V.  V.  Markovnlkov,  enriched  petroleum  chemistry 
with  the  Important  reaction  -  the  nitration  of  paraffins  with  dilute  nitric 
acid. 

The  contribution  of  R.  D.  Zelinsky  to  the  use  of  synthetic  catalysts  for  the 
decomposition  of  petroleum  and  the  treatment  of  Its  decomposition  products,  was 
Illustrated  by  a  series  of  historical  examples.  It  was  shown  that  the  path 
followed  by  Russian  science,  from  the  first  Investigations  of  G.  G.  Gustavson 
to  the  works  of  R.  D.  Zelinsky,  S.  V.  Lebedev,  and  S.  S.  Nametkin,  led  to  the 
creation  of  the  catalytic  cracking  Industry  as  a  result  of  world-wide  activity 
In -the  field  of  petroleum  refining. 

Cand.Hlst.Scl.  R.  M.  Raskin,  in  his  report  'Vasili  Ivanovich  Klementev- 
Student  and  Assistant  of  M.  V.  Lomonosov*,  described  the  character  'of  the  experi¬ 
mental  work  carried  out  In  Lomonosov's  laboratory,  gave  an  account  of  some  of 
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Lomonosov's  first  assistants,  their  training  and  round  of  duties,  and  arso 
supplied  some  biographical  details  about  V.  I.  Klementer.  The  report  shoved 
.  •  the  importance  .of  the  latter's  vork,  and  the  difference  between  bis  education 
!  -and  the  usual  training  received  by  chemists  in  the  middle  years  of  the  nine-  ' 
teenth  century.  *.  •  .  ’  .  .  .  _ 

The  initiators  of  the  first  Russian  Chemical  Journal,  as  Cand.Chem.Sci. 

Tu.  S.  Musabekov  related  in  his  report  'First  Russian  Chemical  Journal  and 
its  Foundation',  were  the  leading  chemists  and  public  figures  H.  I.  Sokolov 
and  A.  I.  Engelhardt.  In  two  years  2k  issues  of  the  Journal  were  published. 

The  'Russian  Chemical  Journal'  first  appeared  in  l859>  considerably  before 
some  well-known  West-Europeah  and  American  chemical  Journals.  The  foimders 
of  the  Chemical  Journal  gathered  around  themselves  an  outstanding  collection 
of  authors.  H.  H.  Zinin,  A.  M.  Butlerov,  D.  I.  Mendeleev,  H.  N.  Beketov, 

V.  V.  Markovnlkov  and  others  collaborated  on  the  Journal. 

Cand.  Pedagog.Sci.  N.  I.  Chasovnikov  dealt  with  'Chemical  Educational 
Literature  in  Russia  in  the  l8th  Century* .  The  teaching  of  general  chemi- . 
stry,  and  of  testing  skill,  l.e.  of  analytical  chemistry  started  in  Russia 
in  the  seventies  of  the  eighteenth  century.  From  1772  to  l801  I5  editions  of 
general  chemical  textbooks,  covering  12  titles,  were  published.  The  most 
successful  of  these  books,  for  which  most  editions  were  needed,  was  one  which 
had  a  practical  bias.  .  •  .  .  '  . 

Cand.Chem.Sci.  S.  I.  Kuzmenko,  .in  his  report  'The  Textbook*  Complete 
General  Chemistry  for  Pupils  and  Teachers'  "  by  F.  Glze  and  V.  S.  Komllshin- 
sky,  described  the  contents  of  this  advanced  treatise,  which  was  of  the  nature 
of  a  chemical  encyclopedia,  and  which  appeared  in  the  first  quarter  of  the 
nineteenth  century.  The  publication  facilitated  the  development  of  chemical 
’science  in  Russia. 

Corresponding  Member  of  the  USSR  Academy  of  Sciences  V.  I.  Spltsyn  presen¬ 
ted,  in  his  own  name  and  that  of  V.  I.  Baranov,  a  report  entitled  'History  of 
the  Work  on  Radioactivity  at  Moscow  University'  in  which  he  showed  t'nat  the 
scientists  at  Moscow  University  made  considerable  contributions  to  the  develop¬ 
ment,  in  Russia,  of  the  investigation  of  radioactivity  at  the  beginning  of 
the  present  century,  and  that  their  research  work  had  been  closely  connected 
with  the  training  of  scientific  cadres  in  this  field  of  chemistry. 

Dtr.Chem.Scl.  0.  E.  Zvyagintsev,  in  his  report  'Work  of  Acad.  H.  S.  Kurna- 
kov  and  His  School  in  the  Study  of  the  Metals  of  the  Platinum  Group', 
discussed  the  outstanding  work  of  N.  S.  Kurnakov  in  the  field  of  platinum  com¬ 
pounds,  the  use  of  physico-chemical  analysis  for  the  study  of  the  complex  . 
platinum  compounds  -  and  the  djnportance  of  Kurnakov 's  work  for  the  Soviet 
platinum  Industry.  "  -  - 

Prof  .A.  K.  Kolosov,  in  his  report  'Development  in  Russia  of  the  Manufacture 
of  Hitrlc  Acid  by  the  Oxidation  of  Ammonia  by  I.  I.Andreev's  Method*,  described 
the  state  of  the  Industry  in  Russia  at  the  beginning  of  World  War  I,  and  the 
work  of  the  Russian  scientist  I.  I.  Andreev  who,  showing  himself  to  be  a 
fervent  patriot  of  his  motherland  under  the  difficult  conditions  of  Tsarist 
Russia  solved  a  considerable  technical  problem,  and  created  the  first  Russian 
*  plant  for  the  manufacture  of  contact  nitric  acid. 

•  A  unique  competition  was  organized  between  I.  I.  Andreev's  plans  and  tho$e 
of  an  Anglo-Norwegian  firm,  in  which  the  fertility  of  the  technical  concep¬ 
tions  of  Russian  chemists,  and  the  backwardness  of  technical  ideas  among 
foreign  chemists,  was  demonstrated.  After  the  competition,  I.  I.  Andreev  was 
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offered  the  project  of  constructing  his  ovn  contact  apparatus  hy  the  represen¬ 
tatives  of  the  capitalist  vorld:  among  other  things  the  Russian  Government  \ 
allowed  English  cnteri)rlses  and  the  French  War  Mission  to  acquaint  themselves 
with  designs  and  materials  for,  and  details  of,  the  production  of  nitric  acid. 
Thus,  Russia's  allies  undoubtedly  utilized  I.  I.  Andreev's  method  for  the 
construction  of  their  nitric  acid  plants.  The  reporter  considered  that  the 
priority  of  Russian  chemist  I.  I.  Andreev  In  the  creation  of  contact  apparatus,  • 
and  of  catklysts  from  alloys  of  the  platinum  group  metals  for  the  oxidation  of  ' 
ammonia  to  nitric  acid,  was  firmly  based.  However  Andreev's  work  has  been 
undeservedly  forgotten,  and  all  textbooks  of  general  chemistry  mention  only 
Ostwald's  method  of  obtaining  nitric  acid,  and  Ignore  Andreev's.  But  the 
Investigations  on  the  fixation  of  atmospheric  nitrogen,  which  Andreev  Initia¬ 
ted,  have  not  been  laid  aside,  but  are  continuously  being  Improved  by  oxsr  • 

Soviet  chemists. 

Acad.  M.  M.  Dubinin  dwelt  on  'Development  of  Antigas  Measures  In  the  Soviet 
Union'.  The  history  of  the  development  of  antichemical  defence  In  our  country, 
he  maintained.  Is  a  clear  example  of  the  outstanding  role  of  Russian  and 
Soviet  scientists,  engineers,  and  practical  men' In  the  creation  of  new  tech¬ 
nical  fields,  and  of  special  divisions  of  chemistry.  Professors,  lecturers 
at  the  Institutions  for  higher  learning,  and  many  chemists  took  an  active  part 
In  the  working  out  of  antigas  measures  for  the  protection  of  armies  from  toxic 
substances.  The  report  discussed  the  fact  that  in  August  1915  D.  Zelinsky 
made  a  communication  concerning  the  absorptive  capacity  of  charcoal,  and  In 
Hovember  of  the  same  year  a  special  commission  tried  out  Zelinsky's  antigas 
canister  In  conjunction  with  Kummant's  masks. 

Zelinsky's  antigas  material  gained  enormous  popularity  in  the  anny  and 
saved  tens  of  'thousands  of  lives.  Prof.  N.A  Shilov  advised  the  staff  at  the 
front  and  the  staffs  of  the  Allied  armies  on  questions  of  antigas  combat,  and 
as  a  result  appears  to  have  been  the  essential  initiator  of  the  antigas  service 
at  the  front.  In  mobile  laboratories  and  in  wagons,  not  only  were  tests 
carried  out,  but  the  beginnings  of  serious  scientific  Investigations  oT  the 
subject  were  made.  In  partlculeu*,  the  method  of  evaluating  the  quality  of  a 
carbon  by  measuring  its  dynamic  activity  was  so  developed. 

Dr.Chem.  Scl.  N.A.Flgurovsky,  In  a  report  entitled  'Methodological  Intro¬ 
duction  to  a  Course  on  the  History  of  Chemistry, “  reported  the  contents  of  a 
course  on  the  methodological  basis  of  the  history  of  chemistry.  He  showed  the 
value  of  the  work  of  J.V. Stalin,  relative  to  dialectical  and  historical 
materialism,  for  the  investigation  and  study  of  the  history  of  chemistry,  v/ 

dwelling  on  the  fundamental  tasks  of  the  history  of  chemistry  as  a  science. 

One  of  the  most  Important  tasks,  he  said.  Is  the  disclosure  of  the  dialectical 
character  of  the  development  of  chemistry  in  all  periods  of  its  history,  and, 
for  example,  the  dialectical  character  of  the  development  of  Individual 
scientific  problems.  It  is  necessary  to  show  the  historical  processes  In  their 
development  more  frequently,  to  show  the  struggle  between  materialism  and 
Idealism  in  chemistry  during  Its  historical  development  to  demonstrate  the 
Importance  of  the  history  of  chemistry,  and  of  the  study  of  practical  work 
by  preceding  generations  for  the  understanding  of  contemporary  processes  and 
phenomena  in  the  development  of  chemistry  and  for  getting  further  perspectives 
In  science.  The  lecturer  dwelt  further  on  the  problem  of  breaking  up  the 
history  of  chemistry  into  periods,  on  the  connections  between  the  history  of 
chemistry  and  general  history  and  the  history  of  philosophy,  and  on  the  work 
of  J.V. Stalin  in  linguistics  and  its  significance  for  the  correct  solution  of 
the  problem  of  breaking  up  the  history  of  chemistry  into  periods.  He 
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emphasized  the  significance  of  discoveries  by  our  own  chemists  for  .combatting 
servility  and  obsequiousness  towards  Western  science  and  Its  representatives. 

R*of.  B.M. Kedrov,  In  his  report  ?rhe  Course  of  the  Development  by  D.I. 
Kendeleev  of  the  Periodic  Classification  of* the  Elements,*  attempted  to  trace,, 
by  a  study  of  the  early  variants  of  the  periodic  system,  the  development  of 
Kendeleev *6  Ideas  during  the  creation  of  the  periodic  system  of  the  elements, 
and  the  discovery  of  the  periodic  law. 

Docent  A.Kh.Arutyunyan>  In  his  report  *\jeneral  Peatures  of  Applied 
Chemical  Knowledge  In  the  Middle  Ages  in  Armenia  and  Ancient  Russia,  ”  showed 
that  the  first  literature  Information  about  contact  between  Armenians  and 
Russians  dates  to  the  tenth  century  according  to  Armenian  sources,  and  to  the 
eleventh  and  twelfth  centuries  according  to  Russian  so'jrces.  The  numerous 
relics  of  material  culture,  and  the  similarity  of  the  mythologies  In  Russian  and 
Armenia,  bear  witness  to  the  fact  that  this  contact  already  existed  at  very 
remote  times.  The  period  of  greatest  development  of  applied  chemical  knowledge 
In  Armenia  coincided  with  the  flowering  of  feudalism,  the  development  and  growth 
of  towns  and  of  artisan  production,  and  with  the  emergence  of  the  new  class  of 
the  mercantile  bourgeoisie.  This  period  was  the  epoch  of  the  rise  and  devel¬ 
opment  of  applied  and  rational  knowledge  In  Armenia. 

Study  and  compeurlson  of  the  prescriptions  of  Russian  and  Armenian  masters 
In  the  Middle  Ages  shows  them  to  be  characterized  in  particular  by  a  similarity 
of  exposition,  of  methods  of  expressing  gravimetric  relationships,  and  of  •  •  ' 

concreteness  and  brevity  of  language.  Appeirently,  during  the  eleventh  and 
twelfth  centurues,  the  Russian  and  Caucasian  countries  still  exchanged  their 
rich  experience  In  this  field.  Recipes  for  pigments  with  which  works  of  art 
were  painted  were  known  a  long  time  ago  to  Russian  Masters,  but  have  reached 
us  only  In  the  writing  of  the '17th  emd  l8th  centuries,  because  these  recipes 
were  lost  In  the  Tartar  invasion.  :  :  •  o" 

There  Is  no  doubt  that  all  this  complex  applied  chemical  knowledge,  which 
bourgeois  historians  have  ascribed  to  a  definite  circle  of  "select**  countries, 
existed  in  Russia  and  a  number  of  neighbouring  countries  which  are  now  parts  of 
the  Soviet  Union.  ’  •  -  .  ' 

Cand.  Tech.  Scl.  B.V.Nesmelov  spoke  on  'Russian  Scientists,  Founders  of 
Current  Methods  of  Industrial  Hydrogenation.  **  He  said  that  Russian  scientists 
had  played  an  outstanding  role  In  the  application  of  modern  methods  of  Industrial 
hydrogenation.  The  method  for  the  direct  introduction  of  hydrogen  Into  organic 
compounds  was  worked  out  In  l86l  by  N.N. Zinin.  The  first  experiments  on  the 
catalytic  hydrogenation  of  a  large  number  of  organic  compounds  were  made  by 
M.M. Zaitsev,  a  pupil  of  the  Kazan  school,  with  the  Idea  of  hydrogenating  fats. 

With  the  achievement  of  the  hydrogenation  of  fats  abroad,  the  experiments  of 
a  small  Russian  factory  gained  wide  use. 

irtrof .Lukyanov  read  a  paper  on  "History  of  the  Discovery  of  Chromium  and 
of  the  Production  of  its  Compounds  in  Russia.  *  The  history  of  the  discovery 
of  chromium  is  closely  connected  with  Russia.  The  Russian  Academician  Leman  found. 
In  the  Urals  In  17^6,  a  rock  containing  chromium.  In  1798  a  mineral  was  found 
on  the  banks  of  the  River  Vyasgl  in  Siberia  in  which  Tovy  Lovlts  also  found 
chromium.  Crocolte  (a  chromium-containing  mineral;  was  investigated  by  the 
greatest  analysts  of  those  times)  Vauquelln  and  others.  -  . 

The  history  of  the  development  of  the  production  of  chromium  salts  in  .  ' 
Russia  starts  in  l8ll,  when  a  porcelain  vessel  colored  by  chromium  oxide  was 
first  brought  from  Paris.  The  speaker  further  dwelt  on  the  organisation  and 


technology  of  the  production  of  chroolum  Balts  In  the  19th  century,  according 
to  Information  given  by  Rrof.  S.Dvlgubsky"  (1828),  Ilenkor  (1851},  Mendeleev 
(1871),  Khodnyaeva  (l^5)>  aod  Krupsky  (18*^);  at  the  end  of  his  report  Prof. 

Lukyanov  mentioned  the  health  aspect  of  the  production  of  chromium,  according 
to  information  given  by  Prof.Ge  (l882). 

Prof.  N.A.Toropov  gave  a  paper  on  'Vork  of  Russian  Scientists  In  the 
Synthesis  of  Silicates.*  He  said  that  the  vork  of  our  ovn  scientists  took 
a  leading  position  in  the  first  steps  that  vere  taken  in  this  field  of  science. 

Pride  of  place  should  be  given  to  K.D. Khrushchev  vho  first  obtained  synthetic 
hornblende.  At  the  beginning  of  the  20th  century,  the  period  of  vigorous 
development  of  silicate  chemistry  in  our  country  opened.  Tu.F.Levinson-Lessing 
began  systematic  vork  on  synthetic  silicates.  V. I. Vernadsky  and  P.A.Zamyatchensky 
carried  out  remarkable  vork  on  aluminosilicates.  After  the  Great  October  Socialist 
Revolution,  the  synthesis  of  silicates  vas  pursued  on  a  larger  scale,  and  experi¬ 
mental  centers  vere  created  for  the  development  of  vork  on  silicates. 

Cemd.’Chem.  ^i.  F.M.Perelman,  in  his  ovn  name  and  that  of  Cand.  Chem.  Sci. 

A. Ta. Zvorykin,  presented  a  report  on  The  Bart  Played  by  D. I. Mendeleev  ip  the 
History  of  the  Discovery  of  the  Rare  Earth  Elements. "  He  said  that  the  discovery 
of  each  chemical  element  involved  many  links  and  vas  the  vork  of  many  investigators. 

Foreign  scientists  .oversimplify  this  question  and  belittle  the  importance 
of  Russian  scientists  in  this  field.  In  1873  Mendeleev  established  that  the 
double  nitrates  of  the  cerium  earths  vlth  ammonium  have  different  solubilities. 

By  fractional  crystallization,  lanthanous  salts  are  concentrated  in  the  precipitate, 
and  a  salt  of  'dldymium”  remains  in  solution.  E.Brauner  a  friend  of  Mendeleev, 
soon  discovered,  by  optical  means,  tvo  elements  in  ”  dldymlum",  a-  and  P-  ”  dldymlua.* 

In  1885  Auer  von  Welsbach  repeated  D.  I. Mendeleev *8  experiments  and  noted  that 
peurt  of  the  'Vildyalum*  separated  in  the  precipitate  along  vlth  lanthanum.  Hovever, 
passing  over  in  silence  the  vork  of  Mendeleev  (and  of  Rrauner),  and  the  decomposition 
of  ‘\ildymlum"  Into  tvo  nev  elements  ('^raseo-"  and  *heo-dldynium")»  he  took  all 
the  credit  himself.  Meanvhlle  it  is  incontestable  that,  the  vork  of  Mendeleev 
played  a  large  pert  in  the  investigation  of  the  lanthanum  earths,  and  vas 
closely  connected  vlth  four  elements  of  this  group:  scandium,  lutecium,  neodymium, 
and  praseodymium. 

.  Acad.  S, I.Volfkovlch  spoke  on  **rhe  History  of  Russian  Production  of  Phosphate 
Fertilizers.  "  He  said  that  the  basis  for  the  use  of  phosphorites  in  the  compounding 
of  organic  fertilizers  vas  laid  several  hundred  years  ago,  by  the  discovery  of 
elementary  phosphorus  in  l659»  Organized  vork  on  the  use  of  fertilizers  in  Russia 
started  In  the  middle  of  the  l8th  century.  The  lecturer  said  that  r*ir  native 
artificial  phosphate  fertilizer  Industry  vas  started  in  the  second  half  of  the 
nineteenth  century.  The  notevorthy  investigations  of  A.R.Engelhardt  and  of  A.S.  ‘ 
Ermolov  on  phosphates,  and  the  beginning  of  planned  vork  on  fertilizers,  vere 
based  on  the  labors  of  D. I. Mendeleev.  At  the  end  of  the  19th  century,  only 
factories  for  the  treatment  of  bones  vere  comparatively  widely  distributed  in 
Russia.  At  that  time  there  vere  13  factories  for  making  superphosphate.  In  1917 
a  public  committee  vas  organized  to  deal  vth  fertilizers,  and  after  t'^'O  years  a 
scientific  fertilizer  institute  vas  opened  as  a  result  of  its  activltleo. 

In  1928-1930,  as  a  result  of  geological  investigations  by  the  USSR  Academy 
of  Sciences,  under  the  leadership  of  S.M.  Kirov,  the  great  Khibln  mining -chemical 
combine  vas  set  up. 

Reports  by  Acad..  A. E. Arbuzov  (Kazan),  Corresponding  Member  of  the  USSR  Academy 
of  Sciences  S.K. Danilov  (Leningrad),  Corresponding  Member  of  the  USSR  Academy 


of  Sciences  A.D.Petror  (Moscow),  Corresponding  Member  of  the  USSR  Acadenqr  of 
Sciences  B.A. Arbuzov  (Kazan),  Rrof.  V.I.Esafov  (Sverdlovsk),  Prof.  M.P.Qrlova 
(Tomsk),  Prof.  E.E. Martinson  (Leningrad),  Dr.  Chem.  Sci.  A.F.Plat  (Moscow), 
Cr.Chem.Sci.  P.Shostakovsky  (Moscow),  Docent  P.I.Rrotsenko  (Rostov-on-Don), 

A. Kh. Batalin  (Chkalov  district),  Cand.  Chem. Sci.  S.H. Kuzmenko  (Kharkov),  M.I. 
Batuev  (Moscow),  Sci.  Collab.  T.S.Kudryatsev.  were  heard  by  the  plenary,  inter- 
sectional,  and  sect^ional  sessions  of  the  Second  All-Union  Conference. 

Closing  the  Second  Conference  on  the  History  pf  Russian  Chemistry.  Acad. 

A. E. Arbuzov  remarked  that  an  overwhelming  majority  of  young  scientific  worker^  - 
had  participated  in  the  work  of  the  conference  both  by  presenting  reports  and 
speaking  in  the  discussions;  many  of  them  had  with  enthusiasm  become  ac quanted, 
through  primary  sources,  with  the  History  of  the  development,  in  our  country, 
of  separate  trends  both  in  theoretical  science,  and  in  the  manifold  applications 
of  science  in  industry. 

He  said  that  historical  science  relative  to  the  development  of  natural 
science  in  our  country  particularly  the  history  of  the  development  of  chemistry, 
was  still  young,  which  vas  not  at  all  surprising,  as  young  cadres  of  historians  ■ 
of  chemistry  have  only  been  trained  in  recent  years.  - 

Summing  up  the  work  of  the  conference,  Acad.  A.S. Arbuzov  stated  12h  reports 
by  102  authors  bad  been  presented  to  the  audience;  the  Commission  on  the  History 
of  Chemistry  had  dealt  with  65  reports.  Including  37  io  "the  announcement  of 
the  conference,  of  which  3^  were  heard.  18  more  reports  were  dealt  with  outside 
the  working  time  of  the  conference,  and  it  was  naturally  not  possible  to  hear 
them.  .  “  - . 

At  the  end  of  his  speech  he  expressed  confidence  that  the  participants  in 
the  Second  All-Union  Conference  on  the  History  of  Russlon  Chemistry  had  con¬ 
siderably  enriched  their  knowledge  of  the  develcpmeit  of  chemical  science  in  our 
country,  and  wished  all  the  participants  further  success  in  the  noble  work  of 
demonstrating  the  greatness  and  significance  of  Russian  chemical  science. 

In  the  decisions  of  the  Conference  it  vas  noted  that  there  had  been  a* 
considerable  development  of  investigation  and  re-examlnatlon  of  the  history  of  - 
Russian  Chemistry.  The  number  of  published  works  and  communications  on  the 
history  of  Chemistry  continued  to  grow.  The  "Journal  of  Applied  Chemistry**- 
and  some  others,  for  example  T*rogress  in  Chemistry"  regularly  published  com¬ 
munications  on  the  history  of  chemistry;  the  number  of  authors  of  papers  and 
notes  on  this  subject  had  increased.  In  the  past  the  Commission  on  the  History 
of  Chemistry  had  undertaken  publishing  activity.  It  had  brought  to  light  the 
selected  works  of  A.M.B-atlerov,  the  first  volume  of  the  complete  works  of  M.V.  , 
Lomonosov  and  other  publications  on  the  history  of  Russian  Chemistry. 

However,  in  spite  of  all  these  achievements,  the  Conference  vas  not  able 
to  consider  the  state  of  work  on  the  history  of  chemistry  as  satisfactory,  and 
it  noted  the  following  important  deficiencies  in  the  organization  and  carrying 
out  of  work  on  the  history  of  chemistry.’ 

1)  Much  too  slow  development  of  the  treatment  of  the  methodological  bases 
of  the  history  of  chemistry.  Discussions  and  consideration  of  materials  were 

!  still  not  Important  parts  of  the  work  and  technique  of  historians  of  chemistry. 
Up  to  the  present  time  criticism  and  self-criticism  were  still  very  weakly 
developed  in  the  investigation  of,  and  in  literary  works  on,  the  history  of 
chemistry.  •  -  . 

2)  Rot  nearly  enough  of  the  investigation  and  work  on  the  history  of 
chemistry  was  devoted  to  the  history  of  the  development  of  Soviet  chemistry. 


Propaganda  about  the  devlopment  and  achievements  of  Soviet  chemistry  vas  quite 
small,  and  vas  frequently  devoted  not  to  central  questions  of  the  development  of 
chemical  science,  but  to  i?idV>ldaal  fields  and  to  secondary  Tquest Ions. 

3)  In  their  printed  contributions,  a  considerable  proportion  of  authors 
of  papers  on  the  history  of  chemistry,  not  Infrequently  presented  bare  factual 
material,  without  any  attempt  at  a  Marxist  analysis  of  the  historical  events 
.  examined,  or  of  the  historical  development  of  separate  fields  of  chemical 
science  in  a  definite  period. 

Many  authors  of  papers  on  the  history  of  chemistry.  Including  qualified 
ones,  not  Infrequently  become  confused  In  the  ordinary  literature  compilation; 
they  do  not  make  use  of  original  sources  and  archives,  and  they  substitute 
such  a  compilation  for  a  thorough  and  really  profound  approach  to  the  proper  . 
scientific  Illumination  of  this  or  that  problem  of  chemical  history. 

5)  The  Conference  noted  unsatisfactory  work  on  the  preparation  for 
publication  of  scientific  biographies  of  the  classical  Russian  chemists,  and  of 
their  selected  works.  Up  to  the  present  time  no  scientific  biographies  of 
Mendeleev,  Butlerov,  Zinin,  Kurnakov,  Favor sky,  and  other  great  Russian  scientists 
have  been  prepared  for  publication.  In  the  series,  'Classics  of  Science,**  nothing 
has  so  far  been  published  on  the  theory  of  solutions  or  on  organic  chemistry,  etc., 
similar  to  The  Periodic  Law**  of  D. I. Mendeleev. 

6)  Treatment  of  scientific  archives  and  the  publication  of  the  unpublished 
works  of  cur  own  classical  scientists  Is  extremely  slow.  Printed  autobiographical 
eind  eplstolatory  material  of  Individual  scientists  Is  dispersed  throiigh  many 
publications,  which  makes  the  study  and  generalization  of  this  material  difficult. 

'  7)  The  preparation  for  publication  of  a  monograph  on  the  history  of  Russian 

chemistry,  to  be  Included  among  the  many  volumes  of  the  "History  of  Science  and 
Technology  in  the  USSR  from  Ancient  Times  to  the  Present  Day**  Is  also  much  too 
slow.  .V 

8)  The  output  of  cadres  of  young  historians  of  chemistry  Is  not  sufficient. 
There  are  places  for  aspirants  only  at  Moscow  University,  and  there  are  no  doc¬ 
torates  either  In  the  Institute  of  the  History  of  Natural  Science,  nor  on  the 
Commission  for  the  History  of  Chemistry.  As  yet  there  Is  no  textbook  on  the  . 
history  of  chemistry. 

9)  There  Is  still  little  propaganda  about  the  history  of  Russian  chemistry 
and  about  the  priority  of  discoveries  by  Russian  chemists.  The  Society  for  the 
Dissemination  of  Scientific  and  Political  Knowledge,  and  other  organizations, 
rarely  organize  lectures  on  themes  from  the  history  of  Russian  chemistry. 

The  Conference  resolved: 

1)  To  consider  as  important  tasks  for  the  further  work  oh  the  history  of 
Russian  chemistry: 

a)  the  creation  of  a  Journal  of  the  history’  of  Russian  chemistry  on  the 
lines  of  a  prospectus  worked  out  by  the  Editorial  Beard  of  the  Division  of 
Chemical  Science  of  the  USSR  Academy  of  Sciences;  bj  production  of  a  textbook 
on  the  history  of  chemistry;  c)  continuous  strengthening  and  extension  of 
research  on  the  elucidation  of  the  priority  of  Russian  scientists  relative 
to  Important  scientific  and  technical  discoveries  and  inventions.  In  chemistry 
and  chemical  technology;  d)  writing  of  biographies  of  classical  Russian 
chemists;  e)  collaboration  in  the  preparation  for  publication,  by  the  Commissions, 
of  works  of  classical  Russian  chemists  and  publication  of  separate  works  on 
chemistry  by  the  Commission  on  the  History  of  Chemistry;  f J  further  scientific 


treatment  of  archives  relative  to  the  lives  and  activities  of  Russian  and  • 

Soviet  chemists,  printing  material  from  the  jxevlj  discovered  documents  In  the 
publications  of  the  Commission  on  the  History  of  Chemistry  and  in  chemical 
Journals;  g)  and  treatment  of  the  history  of  chemistry  in  the  Soviet  period. 

2)  The  Conference  thinks  it  necessary  to  ask  the  Bureau  of  the  Division 
of  Chemical  Science  of  the  USSR  Academy  of  Sciences,  and  the  Commission  for  the 
History  of  Chemistry  to  organize,  in  the  near  future  discussions  on  important 
questions  concerned  with  the  development  of  investigations  on  the  history  of 
chemistry,  and  vlth  related  tasks  facing  Soviet  historians  of  chemistry.  The  ■ 
most  Important  problem,  requiring  considerable  discussion,  is  that  of  starting 
a  course  on  the  history  of  chemistry  in  connection  vith  the  inspired  work  of 
J.V. Stalin  in  the  field  of  linguistics. 

3)  The  Conference  had  specially  emphasized  the  need  for  many-sided 
Improvements  of  instruction  in  the  history  of  chemistry  in  universities  and 
Institutes  of  chemical  technology,  for  the  creation  of  obligatory  sections  of  . 
faculty  courses,  devoted  to  the  history  of  chemistry,  for  the  establishment  of 
asplrantorates,  and  for  the  need  to  Interest  the  student  body  in  the  treatment 

of  various  questions  connected  with  the  study  of  the  activity  of  our  own  chemists, 
and  with  the  development  of  chemical  knowledge  in  our  country.  The  Conference 
requests  the  Bureau  of  the  Division  of  Chemical  Science  of  the  USSR  Academy  of 
Sciences  to  look  into  the  question  of  establishing  doctorates  in  the  history  of 
chemistry,  in  the  basic  chemical  institutes  of  the  Division. 

ll)  The  Conference  considers  it  e^rtremely  desirable  to  have  regular  public¬ 
ation  of  the  proceedli^s  of  the  Commission  on  the  History  of  Chemistry,  and  of 
reports  and  communications  made  at  the  sessions  of  the  Commission  and  its  branches, 
as  well  as  those  of  separate  investigators.  The  Conference  requests  the  Bureau 
of  the  Division  of  Chemical  Science  of  the  USSR  Academy  of  Sciences  to  give  all 
necessary  help  and  support  to  the  Commission  in  this  matter. 

5)  The  Conference  considers  it  necessary  to  disseminate,  much  more  widely, 
spoken  and  written  propaganda  on  the  history  of  Russian  chemistry,  and  urges  the 
Society  for  the  Dissemination  of  Scientific  and  Political  Knowledge  to  produce 
and  publish  regularly  reports  concerning  the  history  of  Russian  chemistry,  and 
the  priorities  and  achievements  of  Russian  scientists  and  chemical  engineers. 

The  Conference  considers  it  particularly  Important  to  deliver  such  papers  in 
the  regional  and  district  centers  of  our  country,  in  hi^  schools,  schools, 
plants  and  factories,  collective  farms,  etc.  ‘ 

6)  The  Conference  directs  the  attention  of  the  Ministry  of  Higher  Education 
of  the  USSR  and  the  leading  chemical  research  institutes  to  the  need  for  careful 
preservation  of  relics  of  our  great  chemists,  and  recommends  the  creation  of 
museums  in  universities  for  the  collection  of  apparatus,  samples,  manuscripts, 
photographs,  etc.,  of  scientific  and  historical  value,  and  necessary  for  the 
development  of  the  history  of  chemistry. 

7)  The  Conference  considers  it  necessary  for  more  work  to  be  devoted  to  the 
bibliography  of  chemical  literature,  and  to  the  preparation  by  the  library  of 
the  USSR  Academy  of  Sciences  of  the  successive  Issues  of  the  bibliography 
'Chemistry  In  the  Publications  of  the  USSR  Academy  of  Sciences"  which  should  be 
brought  up  to  date. 

The  Conference  calls  upon  all  chemists.  Interested  in  the  history  of 
chemistry,  to  study  untiringly  the  classical  works  of  Marxism-Leninism,  to  extend 
their  knowledge  In  the  field  of  the  history  of  Russian  chemistry,  and  to  expose 
decisively,  by  profound  research,  and  by  the  extraction  of  unpublished  archives. 


the  mendacious  and  falsified  assertions  of  'bourgeois  historians  of  science  - 
agents  of  monopoly  capitalism  -  aimed  at  belittling  the  achievements  of  our 
Soviet  chemists,  and  at  spreading  calumnies  about  our  great  country  and  its 
scientists.  The  struggle  with  reactionary  and  mendacious  theories,  and  with 
the  propaganda  of  bourgeois  historians  of  chemistry,  is  the  most  Important 
task  for  all  Soviet  chemical  historians,  vho  should,  by  their  vork,  restore 
historical  truth  and  evoke  pride  in  our  great  Russian  country. 


-  BOOK  REVIEW 


.^-  v-  _  R.L.Pevzner  - 
.  '  ^  THERMITE  REFRACTORIES.* 

(Technical  Frees,  1951-  5^  Pages.  Rrlce:  2r  30k.) 


High  alumina  refractories  have  recently  attained  vide  applications  in 
many  branches  of  the  national  economy.  Besides  the  generally-lmovn  technique 
of  producing  these  refractories  by  ordinary  ceramic  methods,  i.e.,  by  firing, 
their  production  by  electrical  fusion  Is  also  being  put  Into  practice  In  the 
USSR  and  In  other  countries.  Production  of  electrically-fused  muUlte 
reftractorles  In  the  USSR  vas  started  ten  years  ago  at  the  Erevan  plant.  The 
creation  of  our  ovn  means  of  producing  electrically-fused  muUlte  refractories 
vas  a  considerable  achievement  by  our  Industry  and  at  a  certain  stage  It  proved 
a  great  advantage  to  the  glass  Industry.  However/  at  this  particular  stage  the 
electrical  fusion  of  molllte  did  not  meet  the  growing  demand  of  the  glass 
Industry.  This  fact  Is  mentioned  In  their  book  by  the  authors  of  the  Indigenous 
method  for  the  production  of  electrically- fused  mulllte.^  The  extensive 
Investigations  of  many  authors  have  shown  that  corundum  refractories  have  every 
advantage  over  mulllte  ones.  At  the  same  time  the  many  dlfflcxiltles  of 
manufacturing  corundum  refractories  by  electrical  fusion  are  known. 

Prof.  R.L.Pevsner*s  survey  Is  devoted  to  a  description  of  a  new.  Indigenous, 
method  for  producing  corundum  refractories  by  the  ‘Ron-furnace  Thermite  Method". 
The  appearnce  of  such  a  work  Is  very  timely. 

In  contrast  to  the  generally-known  methods,  the  new  method  of  obtaining 
corundum  refractories  requires  neitheir  the  use  of  furnaces  nor  the  consumption 
of  fuel  or  of  electrical  energy. 


This  basically  new  departure  In  the  technology  of  the  production  of  refract-  , 
orles  Is  based  on  a  complex  combination  of  separate  processes  which  only  ensures 
a  satisfactory  technology  called  by  the  author  thermite,  when  these  processes  are 
performed  In  a  definite  sequence. 

The  new  technology  worked  out  by  Prof .R.L.I^vsner  Is  based  on  the  principle 
for  the  production  of  strongly  reducing  metals,  first  discovered  by  Acad.H.N. 
Beketov  as  eeirly  as  I865.  This  principle  Is  based  on  the  fact  that  aluminum, 
having  a  large  affinity  for  oxygen,  within  known  limits  and  at  corresponding 
temperatures  can  be  used  as  a  reducing  agent  for  the  oxides  of  a  large  number  of 
elements  which  have  a  smaller  affinity  for  oxygen.  The  technological  process 
for  the  production  of  thermite  refractories  consists  in  the  separate  preparation 
of  the  component  of  the  charge,  the  fusion  of  the  charge  in  a  melting  pan  with¬ 
out  special  consumption  of  fuel  or  electrical  energy,  pouring  of  the  high  alumina 
melt  thus  obtained  Into  special  moulds,  and  the  subsequent  thermal  treatment 
of  the  finished  article.  A  large  excess  of  heat  is  liberated  In  the  whole 
'process  (ho^  above  theoretical  requirement the  melting  of  the  charge  takes 
only  2-3  minutes. 


See  the  book  "Electrlcally-F\ised  Mulllte  Refractories  for  Gla ss -making.  * 
by  A.A.Litvakovsky  and  M.V. Osipov  (ihchnical  Press  1950}. 
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Comparison  of  the  stahlllty  of  electrically- fused  mulllte  vith  that  of 
thermite  corundum  imder  production  conditions  Indicates  that  the  latter 
product  has  a  very  high  stability ,  Under  the  same  severe  conditions  the 
thermite  product  appears  to  he  4  times  as  stable  as  the  electrically- fused 
mulllte  refractory.  All  this  Is  dealt  with  extremely  briefly  but  circumstan¬ 
tially  In  this  survey  by  the  author  of  the  new  method.  The  works  consists 
of  a  description  of  the  technique  the  results  of  qualtlty  testing,  and  also 
gives  the  technical  specifications  for  the  evaluation  of  the  qualtlty  of 
thermite  refractories,  which  are  already  familiar  and  In  production  in  some 
plants. 

'  The  following  deficiencies  In  the  book  should  be  mentioned: - 

1)  Absence  of  data  about  the  petrographic  examination  of  the  thermite 
refractories  before  and  after  service. 

2)  Extremely  short  description  of  the  efflcaclty  of  thermite  refractories. 
The  author  gives  examples  only  for  the  glass  Industry,  whereas  there  are  grounds 
for  supposing  that  they  can  find  application  In  metallurgy  and  other  fields. 
However,  these  deficiencies  do  not  lower  the  general  Interest  of  this  survey, 
and  It  can  easily  be  extended  to  cover  these  fields  in  subsequent  editions. 

The  book  Is  written  extremely  clearly,  the  Illustrations  are  well  drawn,  and 
give  a  clear  Idea  of  the  apparatus  and  of  all  the  capabilities  of  this  new  and 
promising  technology.  ...  * 


P.P.Budnlkov. 
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